@ Most important of all factors en- 
tering into industrial gas-fired fur- 
naceconstructionisthefiringsystem 
itself. Modern gas burnerequipment 
is designed to apply the principle of 
surface combustion which is an al- 
most instantaneous reaction releas- 
ing total chemical energy of gaseous 
fuels in a maximum concentration. 

To guarantee proper application 
of this principle, Surface Combus- 
tion engineers developed, after 
years of experimental work, the SC 
tunnel and refractory type burners 
with the SC automatic proportion- 
ing inspirator. This equipment, with 
one valve control, insures efficient 
utilization of the fuel, a proper and 


uniform gas-air ratio, and simplicity 
of operation. In all furnaces Surface 
Combustion engineers design, 
build and erect, this modern burn- 
er equipment is used. 

Perhaps there is an old heat 
treating furnace in your plant. Don’t 
discard it. Thousands of waste dol- 
lars tied up in old heat treating 


furnaces have been salvaged by 
installation of SC automatic propor- 
tioning gas burner equipment se- 
lected from 47 types and more than 
400 sizes. Send for a catalog de- 
scribing SC burner equipment and 
SC standard rated gas-fired furnaces. 
There is no obligation involved. 
SURFACE COMBUSTION CORPORATION, Toledo, Ohie 


Builders of ATMOSPHERE FURNACE 
and HARDENING, DRAWING, NORMAL 
IZING, ANNEALING FURNACES ! 
CONTINUOUS or BATCH OPERATION 
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lo meet all conditions of 
service efficiently and eco- 
nomically, ENDURO is produced 
in more than a score of analyses, 
in all commercial forms and ina 
wide variety of finishes. Ic is also 
available in the 4-6°> Chromium 
Alloys intermediate corrosion- 
and heal steels. 


REG US. PAT OFF. 


BLIC’S PERFECTED STAINLESS 


* 


HEAT: RESISTING 


them ordine 
tom. 


what ENDURO 


can do for you 


Samples? Yes, they’re samples of ENDURO, Republic’s Perfected 
Stainless and Heat-Resisting Steels, which Republic metallurgists will 
send you if you will tell them just what problems of rust, corrosion 
or oxidation confront you. 

What ENDURO can do for you is not a matter of guess. 
Republic metallurgists — experts in stainless steels, with years of 
experience in laboratory and service tests, and in the practical 
application of this modern metal — know where it can be used to 
advantage — know what type is most efficient and economical. 

They are ready to give you the benefit of this experience in 
the form of advice on your particular problem — and they will let 
you substantiate their recommendations — by sending samples of 
various types of ENDURO so that you may conveniently make your 
own tests — without obligation. 


Republic Stee 

GENERAL OFFICES .. . CLEVELAND, OHIO 
ALLOY STEEL DIVISION . MASSILLON, OHIO 


When writing Republic Steel Corp. for further information, please address Dept. M.P. 
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RESISTORS FOR 


THe 


ELECTRIC HEATING 


improvement in the life and 
. % operating temperature of electrical resistors 
has taken place within the last few vears, and 
this statement holds true for the entire range 
of such materials from those suitable for cook- 
ing or baking to those for forging furnaces and 
kilns for firing ceramics. 

For instance, open-coiled resistors placed in 
a tile for a heating element in electric ranges a 
decade since would burn out within two or three 
vears. Improvements aimed at something which 
could be embedded and protected in a flat-top 
plate, have the life of the range itself and glow 
hot enough to boil water speedily. 

“Calrod” is one example; it comprises a 
long helix of resistor wire contained in a thin 
metal tube packed with magnesia. In_ these 
the tubular sheath has been the critical factor. 
Plain steel, steel with an aluminized surface, 
high chromium-nickel steels, and “Inconel” 
(79-13-8 Ni-Cr-Fe) represent successive improve- 
ments. The latter, although the most expensive, 
is free from excessive grain growth and carbide 
decomposition to which the others eventually 
succumb, 

While cast grids of the type 60°. nickel, 
12’, chromium are now used extensively in 
large heat treating furnaces, the 80° nickel, 
20°. chromium analysis (“Nichrome” or “Chro- 
mel”) continues to be the standard resistor wire 
and heating element for heaters and furnaces 

atented by A. L. 

Marsh in 1906, it forms the basis of the appliance 


where space is limited. 


industry. Since that time intensive study has 
endeavored to improve its qualities, and the 
article by Mr. Bash on page 143 indicates that 
this has been achieved without diverging from 


the optimum analysis, but by a perfected melt- 
ing, deoxidation and processing routine. Ten 
vears ago an accelerated test for determining 
the life of fine wire was adopted by the Ameri- 
can Society for Testing Materials, and a test 
temperature of 1950" F. adopted. Today the 
test temperature must be 200° higher to increase 
the resistance of the wire by 10% within a rea 
sonable time, say 100 to 150 hr. 

This means longer and longer life at mod- 
erate temperatures, or economical service at 
higher and higher temperatures. Ten vears 
ago the safe maximum operation of a resistor 
furnace was about 1850) F.; now 21007 F. may 
be reached with heavy heating elements and 
well designed supports and even 22007 F. where 
blanketed with hydrogen atmospheres. The 
importance of design and installation must be 
emphasized. Resistors may fail by the develop- 
ment of “hot spots.” and these usually are af 
places where free radiation of heat is prevented, 
by gradual oxidation at the surface or, in finer 
wires, by hot spots developing at imperfections 
on the surface or oxide inclusions. 

“Tubulaire.” a vertical tubular clement, 
is most interesting. Ribbons of 80-20) nickel- 
chromium alloy, welded in the form of straight 
tubes, are mounted vertically as resistors and 
with unobstructed ends so that a chimney effect 
insures uniform temperature, end to end, and 
also transfers heat to the work by the mild 
convection currents so induced in the furnace 
atmosphere. Both factors should tend, toward 
increasing the effective range of the furnace. 

While 21007 F. represents an operation 
undreamed of 20 vears ago with metallic ele- 
ments, this does not reach some modern 
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demands, as for forging, the heat treatment of 
high speed steel, and the firing of many ceramic 
products. Some of these clearly exceed the 
capacity of the nickel-chromium resistor for 
they approach its melting range, but are easily 
reached by non-metallic resistors of the silicon 
carbide type, and these too have been improved. 
But mention should first be made of relatively 
new metallic resistors for extra high tempera- 
ture ranges. 

Earliest in commercial development is the 
Swedish alloy “Kanthal” (approximately 25°, 
chromium, 5°. aluminum, cobalt, balance 
iron). Originally developed to save on expen- 
sive alloying clements, it has proved suitable 
for higher operating temperatures than 80°, 
nickel, 20% chromium, European practice is 
cited by the manufacturers to show that the 
clements, depending on grade and = analysis, 
can operate satisfactorily from 21007) F. to 
2150) as for instance, two years in a 
ceramic kiln at 22007 The alloys have low 
creep strength, so wavy ribbons are placed on 
edge in slots in the brick walls. 

Two years ago “Smith Alloy No. 10° was 
announced by Dr. Hoyt (Merat Progress, July 
1935). Its type analysis is 87.5', chromium, 


72%. aluminum, balance iron, “a composition 
viving extraordinary stability at high tempera- 
tures and high fusion point.” Although it 
is brittle at room temperatures, it has good 
hot working properties, where it can be forged, 
pressed or drawn. Life tests are analogous to 
the A.S.TLM. standard except that the test tem- 
perature is 26007 F. to give results in 100 hr. 
Commercial developments are now in the hands 
of firms specializing in furnace construction 
and resistor manufacture, and it is confidently 
believed that units with an economical operat- 
ing life at 21007 PF. will be possible. Obviously 
this is getting to a point where the supporting 
refractories must be of special and highest 
quality. It is also to be hoped that they will 


not deteriorate in the “controlled atmospheres” 
how so interesting to heat treaters. 

Mention might also be made of a resistor 
recently tested at Carnegie Institute of Tech- 
nology. It comprises a rod of molybdenum 
metal thinly coated with a fusible glass and the 
whole contained in a sillimanite tube. It was 
operated at 2900° F. for considerable time with- 
out observable change. Whether the promises 
of these laboratory tests will be borne out in 
working installations remains to be seen; even 
if volatilization and oxidation of the metal are 


effectively prevented, sillimanite tubes are 
very fragile, as pyrometer users can all testify. 

Such exceedingly high temperatures have 
for many years been successfully delivered by 
rods of selected silicon carbide known as “Glo- 
bar.” Improved construction, exhibited at the 
last National Metal Congress, eliminates large 
thermal losses through water-cooled electrical 
connectors in the following manner: That por- 
tion of the element which is exposed inside the 
furnace is made of silicon carbide having a 
high electrical resistivity; both ends, however, 
merge into a mixture of much lower resistivity 
and thermal conductivity. These “pin ends,” 
smaller in diameter, butt against terminal rods 
of similar composition, long enough to pass 
through the furnace walls and insulation, and 
at the outer end meet a polished aluminum 
terminal, the whole combination being held 
together in) good contact by spring devices. 
The result is a terminal, without water cooling, 
that never gets hot enough even to oxidize, 
despite a temperature up to 25007 F. at the 
resistor inside the furnace chamber. 

A high temperature furnace’ consisting 
merely of a tubular “Globar” is obviously pos- 
sible, and such have operated continuously at 
temperatures up to 2850° F. So far the size is 
limited to 2 in. inside diameter. Such a tube, 
36 in. long, in a well-insulated refractory case 
and with water-cooled end connectors, will have 
a central length of 16 in. at substantially uni- 
form temperature when operating at 2800° F. 


BIA-KN-PET 


N AN ARTICLE on meteorites in The Carnegie 
Magazine Prof. Robert F. Mehl writes that 
the Egyptians knew about them, for their 
ancient word for iron was “bia-en-pet,” meaning 
“marvel from heaven.” For a long time, fur- 
ther knowledge on this subject accumulated not 
at all, judging by a quotation from the books of 
one Tollius who in 1619 wrote something which 
may be translated thus: “Meteorites are gen- 
erated in the sky by a fulgurous exhalation 
englobed in a cloud by the circumposed humor.” 
This sounds like Amos and Andy broadcast 
ing in 1988, but an exposition of the modern 
theories of the structure of matter is scarcely 
more intelligible to any but the specialist 
Others can still conclude that the naive Egyptiar 
came as near to the fundamentals as we can 
He knew about the nature and origin of iron 
It was bia-en-pet, a marvel from heaven. 
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Vr. Forbes sketches rathei treating —climared with an trol of analysis, heal and rolling 


broadly some recent trends in account of conditions and program, nearly all the neces- 


foundry practice particularly experiments leading up to the sary graphitization occurs dur- 
of a metallurgical nature hav- — discovery that white tron billets ing working, and the end is a 
ng to do with modifications in — can be rolled into plates, bars — metal with a tough fracture 


melting, alloying and heat and shapes. 


With proper con- — much like good wrought tron 


NEW CAST [IRONS 


HEAT TREATED, ROLLED 


BY DUNCAN P. FORBES, 
President 


ean of white cast iron into thin plates 
will strike many persons as a bizarre if not 
impossible operation. Heat treatment of gray 
cast iron to improve its strength and toughness 
will also seem impracticable to others. Refining 
during melting and the use of alloys will be 
regarded as semi-commercial operations, war- 
ranted now and then by unusual circumstances. 

Nevertheless, these very practices as well as 
analogous ones are in daily use in several 
progressive American foundries. Cast iron, far 
from being a single material, made by tradi- 
tional methods, with certain inferior engineering 
properties, is a whole series of metallic allows 
whose properties are controllable within rather 
wide limits. Today the term “cast iron” in real- 
ity covers a broad field of associated metals, 
just as the term “steel” covers a variety of gen- 
erically similar materials. 

The subject of cast iron is consequently too 
large to be considered adequately in a single 
paper, or, in fact, in a single volume. Cast iron 
is actually such a complex material that the 
number of forms the alloy can take is almost 
unlimited. It is, therefore, my purpose to dis- 
cuss only some of the more recent developments 
along the frontier of cast iron metallurgy with 
Which I happen to be familiar. These develop- 


GUNITE FOUNDRIES CORP. 
Rockford, 1] 


ments are interesting both to the engineer and 
metallurgist and are, apparently, not widely 
known. Also, I shall try to contine myself to 
developments which appear to have practical 
value, rather than to developments of a purely 
scientific nature. At the risk of appearing super- 
ficial, the details of each development must be 
omitted, but I hope the reader can get a fair 
picture of their importance, 

Cast iron is, of course, produced in a 
foundry and the foundries of the United States 
are continuing and will continue to produce 
thousands of tons of the old-fashioned brittle 
cast iron which vou find described in your engi- 
neering handbooks. The word “progress” is 
unheard in many of these foundries. 

On the other hand, there are foundries in 
increasing numbers which are equipped with 
chemical and physical laboratories and = are 
manned by capable metallurgists. These have 
broken away from the old traditions and have 
proceeded to make castings of greater engineer- 
ing value. The product of many of these well- 
managed foundries is excellent; any haphazard 
methods will make a product that is so variable 
it cannot be relied upon. 

The greatest single development the 
foundry in vears has been the improvement in 
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physical properties resulting in the term “high 
test cast iron.” Now, this may mean a number 
of things. In general, any gray cast iron with 
more than 40,000 psi. tensile strength is termed 
“high test cast iron,” but there are a number of 
foundries which are able, with surprising uni- 
formity, to produce iron of 50,000, 60,000, or 
even 70,000 psi. tensile strength. 

It has been fairly well established that 
under adequate supervision a tensile strength of 
50,000 psi. can be attained without the use of 
alloying elements. However, not a few foundry- 
men find it necessary to use considerable per- 
centages of alloys to obtain even as much as 
10,000. Melting methods have a decided influ- 
ence on the ability of a foundry to produce high 
physical properties, but in my opinion this has 
been given undue importance because the 
improved properties of metal melted in other 
types of furnaces than the cupola can be attrib- 
uted in some part to the greater metallurgical 
skill of the operator competent to handle these 
other types of furnaces. 

It must be remembered that in order to 
attain high strength castings, easy machinability 
must be sacrificed. An engineering department 
will demand high strength castings and a few 
days later the machine shop will be complaining 
that the castings are difficult to machine. That's 
to be expected, and there is no easy answer to 
this difficulty. An iron of 60,000 to 70,000. psi. 
tensile strength must have a hard matrix similar 
to that of heat treated, high carbon steel. Its 
hardness may run as high as 300 Brinell, which 
is extremely difficult but not at all impossible to 
machine. You cannot expect to get very good 
results machining high test cast iron with high 
speed steel tools and no coolant. Instead, the 
machine shop should use cemented carbide tools 
with an abundance of coolant solution, and the 
tools and machines should be sturdy ones to 
take the increased tool pressures, required, 


Heat TREATED Gray 


There are many other developments in high 
test cast iron which are of technical interest but 
I must pass over them in order to mention a 
field of endeavor which has been inadequately 
exploited to date. I refer to the field of heat 
treated gray cast iron. This operation can take 
a number of forms, ranging from an annealing 
treatment to soften the castings, to a quench and 
draw which will make them file-hard. I am still 
referring to iron which is grav as cast. 


The tensile strength and hardness of gray 
iron can be increased by quenching in oil from 
approximately 16007 F. and drawing at a tem- 
perature in the neighborhood of 800° F. This 
hardening operation becomes difficult 
when the silicon content exceeds 2%. If the 
iron is quenched only and not drawn, the metal 
will be under such internal strain that the tensile 
figures will be reduced, but if the heat treatment 
is properly conducted an increase of about 10% 
will be obtained. Hardening and drawing is 
especially beneficial to iron with a total carbon 
content of 3% or less. Such a metal has many 
uses, since it is extremely wear resistant and can 
be used for dies, cams, and other parts subjected 
to wear. 

Certain grades of high test cast iron, par- 
ticularly those containing alloys, frequently 
have a hardness, as cast, of 300 Brinell or over. 
Their tensile properties are excellent but the 
metal cannot be economically machined. A 


This Alloy Cast Iron Clutch Plate Has Excellent 
Strength, Wear Resistance, and Toughness. it 
contains 0.276 chromium and 0.23% molybdenum 


Metal Progress; Page 138 


hy 
B 
il 
tl 
| 
tl 
tl 
tt 
4 Ci 
st 
OF 
al 
j 
m 
cl 
hi 
fe 
Sd 
| in 
= ~ re 
i | \ to 
3 
¥ 
m 
Ca 
in. 
Wi 
he 
or 
| 


heat treatment to reduce the hardness from 300 
Brinell to 240 Brinell will result in a great 
improvement in machinability and only a mod- 
erate reduction in ultimate strength. This is in 
the nature of a drawing operation to soften the 
matrix and is conducted at temperatures below 
1300° F. The exact temperature and the time 
of treatment depend upon the type of metal and 
the percentage of alloys. In general, the longer 
the heat treatment and the higher the tempera- 
ture, the more tendency there is for some of the 
carbon combined in cementite to revert to the 
graphitic form, which reduces the tensile 
strength for the same reason that low carbon 
steel is weaker than higher carbon steel. 


CHROMIUM STABILIZES CARBIDE 


This tendency for cementite to revert to iron 
and carbon during annealing can be counter- 
acted by adding 0.5 to 1.00 of an alloying ele- 
ment such as chromium. Carbides containing 
chromium seem to be much more stable. Such 
an iron can be heat treated into extremely tough, 
high strength material by holding at 1250 to 
1300° F. for a period of time. This converts the 
pearlite in the cast matrix into a mixture of 
ferrite and cementite particles, in exactly the 
same way that toolsteel can be spheroidized to 
increase toughness and aid machinability. The 
resultant metal has high strength, excellent 
toughness, and some slight measure of ductility. 
It is easily machined and still retains good wear 
resistance. 

Heat treatment of cast iron would be much 
more general if it were not so expensive for 
small batches. Commercial heat treaters fre- 
quently charge more for a hardening and draw- 
ing operation on small lots than the foundry 
does for the production of the castings. The 
spheroidizing operation described above, being 
confined to temperatures under 1300° F. with no 
subsequent quench and draw, offers an econom- 
ical method of obtaining high strength and 
toughness in cast iron, without the penalty of 
difficult machining. 

Many people attempting to use hardened 
gray cast iron where extreme wear resistance is 
required have been disappointed in the hard- 
ness obtainable in such things as machinery 
cams, gears, cylinders, and machine ways. Cast- 
ings which have been heat treated in accordance 
with instructions fail to show the proper hard- 
ness after quenching. This is usually due to one 
or the other of two factors. In the first place, 


cast iron has a higher critical point than steel 
because of its higher silicon content and must be 
heated to a higher temperature before quench- 
ing; 1600° F. is usually adequate but we have 
encountered instances where even higher tem- 
peratures must be attained. Furthermore, the 
castings must have an opportunity to soak at 
this temperature so that the heating is uniform 
throughout. It is also important that the casting 
be quenched before the surface has had a chance 
to cool, during removal and handling; if the 
surface layer has a chance to air cool it will not 
harden, although the core of the casting may 
reach a satisfactory hardness. 

The other reason why suitable hardness is 
sometimes lacking is associated with the fact 
that cast iron is an extremely high carbon mate- 
rial. In fact, it will range anywhere from 2.8% 
to 3.5% in total carbon content. Furthermore, 
the graphite being exposed on the surface of the 
metal permits decarburization to proceed at a 
very rapid rate. The so-called reducing atmos- 
pheres of many heat treating furnaces actually 
are oxidizing to the graphite and the combined 
carbon of the cast iron. Even an atmosphere 
mildly carburizing to soft steel can decarburize 
cast iron. 

Most gray iron castings to be hardened are 
of fairly heavy section. Several hours are 
required to bring them up to the quenching 
temperature and in that length of time metal 
‘, in. or even | in. deep will lose its carbon, 
leaving a soft, spongy surface which almost can 
be scraped off with a penknife. Therefore 
unless the heat treater has a furnace with con- 
trolled artificial atmosphere he would be wise 
to pack the castings in carburizing boxes with 
partly spent carburizing compound, or at least 
with a copious covering of cast iron borings. 
Care must then be taken to allow suflicient time 
for the casting to come up to the quenching 
temperature and no time must be lost in quench- 
ing it after the box containing it is removed 
from the furnace. 

Heat treated cast iron has a tendency to 
increase in size during the hardening process. 
Much of the growth can be avoided if the part 
to be heat treated is first completely annealed, 
by heating for three or four ‘ours at 13507 F. 
The casting can then be machined with great 
ease and the heat treatment will result in a 
minimum of distortion and growth. 

There are numerous other interesting devel- 
opments in gray cast iron but time does not 


permit discussing them. I might mention in 
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Plate of Malleable Iron, 's In. Thick, Rolled From a White Iron Billet 


1%; In. Thick. 


The bent piece was cut from the edge and bent cold 


passing the high nickel and chromium irons 
the 


There have also been some 


which are martensitic and austenitic in 
as-cast conditions. 
interesting developments in the use of copper as 
an alloving agent, either alone or in combina- 


tion with other elements. 


SPECIAL \VIALLEABLES 


looked by metallurgists, vet it offers interesting 

There remains the field of white cast iron 
This has been largely over- 
the 
metallurgist white iron has two applications: 


to be considered, 
possibilities of exploitation. To average 
(a) White iron castings, such as grinding mill 


balls and cleaning stars, where a hard, wear 
resistant material is required which does not 
have to be machined; and (b) white iron as the 
base metal from which malleable cast iron is 
produced by annealing, and in which the com- 
bined carbon is completely decomposed into 
ferrite and temper carbon. 

During the last ten vears considerable prog- 
ress has been made in investigating the proper- 
ties and production of alloys containing both 
This 


commercial material is now known bv the term 


temper carbon and combined carbon. 
“pearlitic malleable.” 

In some processes the castings are com- 
pletely malleableized and are afterwards 


reheated above the critical temperature to redis- 


solve a portion of the temper carbon as com. 
bined carbon. 
with the formation of a pearlitic matrix. 

By another process the white iron is incom- 
pletely malleableized, with the result that the 
castings as cooled contain temper carbon as well 
which has never been 


as combined carbon 


decomposed. Under this procedure there are 
two principal variants: (a) The metal is of 
normal malleable analysis but is given an 


that 


castings. 


treatment so combined 
the The 
process (b) starts with an analysis which will 


incomplete heat 
carbon remains in other 
not completely malleableize under normal con- 
ditions, with the result that during the heat 
treatment there is no danger of complete matle 
abilization. 

It is necessary for the engineer to pictur 


All ot 


the castings will contain graphite in the form otf 


pearlitic malleable as a graphitic steel. 
temper carbon but the character of the matriy 
will vary in as many different wavs as steel wil 
vary. For instance, the matrix can be almos! 
completely ferritic, in which case it would cot 
respond to an S.A.E. 1010 steel, or it 
completely pearlitic, in which case it) would 
correspond to an S.A.E. 1080 or 1090 steel. The 
combined carbon can be in pearlitic form, or i 


can by 


the form of martensite, troostite, sorbite. and 
under certain circumstances, austenite. 
If allovs are added, special properties ca 
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be obtained. For 
example, a_ pearlitic 
malleable iron ana- 
lvzing manganese 
and 2% copper. ts 
almost completely 
austenitic after 
quenching, non-mag- 
netic, soft, and rela- 
tively unmachinable, 
similar to a quenched 
manganese steel. 
The physical 
properties of these 
various pearlitic mal- 


Rolled Malleable Iron, Etched, 100 X 


critical, but below the 
solidus temperature, 
white iron billets 
become relatively 
plastic and can be 
rolled into sheets, 
bars, or structural 
shapes in the same 
wavy as steel billets 
You be 
interested in the 
series of steps by 
which the method of 
rolling cast iron was 


developed. 


leables will range = 
from the low of 

malleable iron (approximately 55,000) psi. in 
tension) to a high of 120,000 possessed by a 
martensitic “pearlitic malleable.” The ductility 
and other physical properties bear much the 
same relationship to each other as do corre- 
sponding properties in corresponding grades of 
cast steel, except that due to the presence of 
temper carbon the ductility is reduced. 

A very useful form of pearlitic malleable is 
that in which the matrix consists of spheroidized 
cementite in ferrite, similar to that produced by 
a softening anneal on alloy cast iron. A metal 
of this type can be produced on a commercial 
basis to average over 80,000 psi. tensile strength 
and 15% elongation in 2 in. 

It is needless to say that the exact field of 
usefulness of these heat treated, white iron 
alloys has not been adequately investigated, 
although a number of producers are already 
turning out respectable tonnages for a wide 
variety of applications. 


PLATES AND Saapres or Wurre 


fhe analogy I have made in the recent 
paragraphs between pearlitic malleable and 
steel can be carried even further than is nor- 
nally suspected. I refer to the fact that we 
metallurgists have always thought of gray cast 
iron and white cast iron as being of use only in 
castings. This is not the case, however, as | 
intend to show. 

Both gray iron and white iron are relatively 
non-ductile at ordinary temperatures. In fact. 
there are numerous references in the literature 
to the fact that white iron is “incapable of being 
worked at any temperature.” It now appears, 
however, that at temperatures well above the 


—=— Our foundry had 


a customer who was 
interested in a purchase of malleable iron in 
sheets, roughly 48 in. square and !y in. or “ys in 
thick. Naturally, during the depression we were 
willing to try anything and we attempted for a 
considerable period to produce these sheets in 
sand molds. Of course, the metal solidified as 
White iron and was extremely brittle Phe 
strains set up as the casting cooled were so great 
that when it was removed from the mold it had 
frequently broken into two or three pieces. 
Numerous changes in the method of pouring 
finally vielded a few castings which were, appar- 
ently, free from cracks. However, when these 
were removed from the annealing ovens after 
malleabilization, they were broken in several 
places. This we attributed to non-uniform 
heating in the oven, and the casting cracked 
from the strains set up as the temperature rose. 

It would take too long to go into all the 
attempts we made, such as putting undulations 
and ribs on the castings to improve the situa 
tion. It is suflicient to say that commercial suc 
cess Was never attained. 

We could hardly escape the thought. “How 
much simpler it would be if malleable tron 
could be made in the form of billets and then 
rolled out into sheets of the desired size.” The 
idea appeared preposterous at the time but we, 
nevertheless, determined to conduct some 
experiments along that line. Our foundry does 
not have any rolling mill and it was necessary 
to locate a suitable mill where experiments 
could be conducted with secrecy. 

It is probably fortunate that we were found 
rymen, rather than steel mill operators, or the 
idea would not have survived. We planned to 
roll both malleableized iron and white iron at 


the same time and we suggested this to the 
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cooperating steel company. We found a 


decided reluctance to permit us to use their 


equipment. The management was quite frank 
in stating that we were crazy; naturally every- 
one knew that white iron could not be rolled 
and practically evervone was aware of the fact 
that malleable iron, if heated to a high tempera- 
ture, became brittle. 

We finally agreed to purchase a set of rolls, 
which if damaged would be our own loss. We 
rented the mill, with the necessary labor, and 
we were to provide the necessary supervision. 

On the day set for the rolling we were on 
hand after an early breakfast and I must confess 
that when we sent out for sandwiches at noon 
our success was negligible. It was rather dis- 
appointing to have a glowing billet go in one 
side of the mill and come out from the rolls on 
the other side broken into 10 or 50 small pieces. 
Phe afternoon, however, was crowned with suc- 
cess as we corrected rolling temperatures, per- 
centages of reduction and rolling speeds, and it 
was with considerable satisfaction that we left 
the mill late in the evening to heat treat the 
specimens so as to get the desired physical prop- 


erties and metallurgical structure. 
Minor Propucrion PROBLEMS 


This development, which was discovered at 
about the same time by three independent 
vroups of investigators, has shown that white 
iron offers only minor problems of technique to 
the rolling mill operator, but the product opens 
up a whole new interesting field. 

Under certain conditions of control it) is 
possible to roll the metal completely to the 


desired shape as white iron, which subsequently 
can be heat treated to precipitate temper carbon 
and to form malleable iron or pearlitic malle- 
able, whichever the manufacturer desires. Or 
under other conditions, particularly of analysis, 
it is possible to roll the metal down to shape 
and at the same time almost complete the for- 
mation of temper carbon while the metal is 
being rolled. It then requires only a short heat 
treatment to leave the structure of the matrix in 
the desired form. It is interesting to note that 
when graphitization occurs during rolling, 
decomposition of cementite occurs in a mere 
fraction of the time which would have been 
required had the metal been subjected to heat 
treatment only. 

Rolled malleable iron and rolled pearlitic 
malleable have a microstructure similar to that 
of the cast material, except that the deposits of 
temper carbon are greatly elongated, depending 
upon the extent of mechanical reduction. The 
fracture has a_ striking resemblance the 
fibrous fracture of wrought iron, the elongated 
deposit of graphite acting similarly to the elon- 
vated deposit of slag in wrought iron. 

Tests conducted on the rolling of gray cast 
iron have also been successful but it is doubtful 
if there is suflicient advantage in rolled gray 
iron to make it desirable over the more easily 
handled rolled white iron. 

The field of usefulness for this material has 
not vet been adequately investigated. It is 
believed, however, that it inherits the corrosion 
resistance possessed by the cast metal and also 
many other of the useful special properties 
formerly possessed by conventional gray and 


malleable iron castings. 


Sample of Rolled “Pearliti« 
Malleable,” “% In. Thick 
Rolled From a Partly Graph 
itized Billet 1% In. Thick 
The surface has been highly 
polished. The edge in the 
foreground its the origina 
edge of the plate, as rolled 
and is free from edge cracks 
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Cooperative research prior to 
1927 led to the adoption of a 
standard method for testing the 
life of resistance wires suitable 
for domestic appliances, Utili- 
zation of this test for produc- 
tion control has enormously 


improved the quality and serv- 
tceability of such materials. It 
is now also possible to estimate 
minimum life at operating tem- 
peratures from the test figures 
derived at much higher ones. 
The technique is being adapted 


lo resistors of large diameters 
suitable for metallurgical fur 
nace work, which would endure 
an indefinite time under the 
leslting conditions which will 
cause failure in fine wires 
only after 150 to 200° hours 


ESTIMATING 


LIFE OF 


ELECTRICAL HEATING ELEMENTS 


BY FRANCIS E. BASH, 


Manager, Technical Department 


DRIVER-H ARR 


Harrison, N. | 


HE electrical heating industry, which utilizes 

a wide variety of applications from toasters 
to electric furnaces, has always been vitally 
interested in the life and maximum operating 
temperature of the heating unit. This interest 
was so strong that the American Society for 
lesting Materials at the request of the industry 
in 1925 appointed Committee B-1 to work out 
test methods for the life of the resistance alloys 
then in use, 

The author will show briefly the steps of 
development of this standard A.S.T.M. life test 
and the resultant improvements in the resistors. 
These lead up to the conclusion that it is now 
possible to foretell within reasonable limits the 
life expectancy of a wire at any temperature, 
(It is 
presumed, of course, that the conditions of 


When the standard test data are known. 


oxidation be similar and that no corrosion be 
present.) It is reasonable to expect that it 
should also be possible to judge both the ability 
of other sizes and shapes to withstand oxidizing 
conditions, and to anticipate the effect of unit 
temperature on expected service. 

Prior to the adoption of the A.S.T.M. life 
test in 1927, there was no way by which either 


the alloy manufacturers or the ultimate con- 


sumer could judge the relative merits of the 
various alloys on the market, or estimate with 
any degree of accuracy the life of a heating ele 
ment under any condition of use. Design was 
based on experience and sometimes not-too 
reliable guessing. Committee B-1 had spent two 
vears of experimental work with this method 
and arrived at a tentative standard for testing 
the oxidation resistance of wires to be used in 
electrical appliances. In its latest form the test 
method is described in “Standard Accelerated 
Life Test for Metallic Materials for Electrical 
Heating’, 
(A.S.T.M. Book of Standards, Part 1, 1956, page 
734). 
by F. Ek. Bash and J. W. Harsch in Proceedings 
for 1929, page 506. 
may be found in other papers by the same 


designation: 
Its development was described in detail 
Further discussion 


authors before the International Association for 
Testing Materials, The Hague (1928, Vol. 1, p 
163), and in London (1937, Book 33, Group A-1) 
Testing of experimental melts by this stand 

ard method has led to very great improvement 
in the various heating allovs, chief of which 
nickel-chromium-iron 


were the nickel-chromium and the 
60-16-21 


the case of one company’s product, the meas 


varieties. In 
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to be used as a standard of comparison, and al! 


tests on other wire of the same nominal alloy 
a 300 were reported as per cent of this standard. 
Improvements in melting and deoxidation 
: QD 600 practice and in further processing of the 
3 Nichrome IV wire increased its life so much 
- D 400 that the new process 80-20 Nichrome was given 
the designation “Nichrome V.” It was then 
ie c found necessary to increase the temperature in 
- . the standard life test so that the total time of 
i f _ test would be within 100 to 150 hr. Since then, 
, on account of further improvements, the tem- 
. c perature has been again increased and now 
2 a results of approximately 200 hr. total test life 
are obtained at a temperature of 2150° F. This 
ia 5 compares with 100 hr. test life at 1950° F. when 
q GO the test was originated. 
> it has been necessary in the meantime to 
select new standards of comparison. The origi- 
he 2 nal Nichrome IV was designated X-100, and this 
ks ~ has in turn been supplanted by Nichrome \V, 
3} which is designated X-100A and X-100B. These 
ie 4 have been carefully inter-checked so that refer- 
13 C ence can still be made to the original standare. 
“ Results of many tests at varying tempera- 
w tures were plotted on semi-logarithmic paper 
and it was found that the relation between test 
1) life and temperature took the form of: 
log L T (log a log b) 
Temperature, F. where L total hours test life, a 
1 test temperature in °F. 
Improvements in Processing 80-20 Nickel-Chromium a and b are constants 
Have Largely Improved the Resistance Wire Now Avail- 
able. Compare old reference standard X-100 with new The curves were found to be straight lines 
X-100B. Circles show test life (A.S.T.M, standard) in on semi-logarithmic coordinates. It therefore 
hours for temperatures noted on wire 0.025 in. diameter ‘ 
appears possible to determine the test life of a 
SSS SSS wire under the same conditions at other tem- 
peratures by extending the lines. Upper and 
ured life has increased by 1000¢ at the present lower limits at which the curve will deviate 
date. Other manufacturers can report very from a straight line are at temperatures neat 
marked improvement also. This is a remark- the melting point and where oxidation begins 
able accomplishment and a direct result of the It was found, as a result of tests on a num- 
by adoption of the standard life test. ber of lots, that alloys of the Nichrome V type 
if It now appears that it is possible, for sizes all had the same slope or very nearly so, and 
of wire suitable for household appliances tested that the earlier Nichrome IV wire had a defi- 
: under prescribed conditions, to accurately fore- nitely different slope, as shown in the first curve 
¥ tell their life under the same conditions at other When we speak of Nichrome V we mean 
: temperatures. type alloys with a nominal composition of 80° 
2 In the course of 12 years of testing in the nickel, 20° chromium, having slight variations 
pe laboratories of the Driver-Harris Co., a great in the minor ingredients. It will be noted in the 
deal of data has been taken and many tests first curve, in which the hours of test life vs 
made at different temperatures on pieces of temperature are given, that the various lines 
wire cut from the same spool. When life testing for Nichrome V are approximately parallel, 
ts was started, a piece of 0.025-in. diameter and the Nichrome IV curve has a much flatter 
The “Nichrome IV” (the designation of the 80-20 slope. It will also be noted that the three 
if nickel-chromium alloy then used) was selected different Nichrome V's vary quite widely in life 
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(his is representative of the alloy as it has been 

developed through varying stages. The 

“¥-100B”" was a later development than the 
“\.S.T.M. 1934" and the “Lot 1406" represents 
still later production. 

In view of the varying slope of these curves 
for Nichrome IV and Nichrome V, it would be 
verv misleading to try to draw conclusions on 
the relative quality of these two alloys at a 
>} temperature of, say, 1800° F. from a life test 
made at 2150° F. It is for this reason that it is 
important to make life tests at a number of 
temperatures, to establish the slope of the curve 


before making comparison. 
Below are tabulated the calculated slopes 


for a number of samples. 


SAMPLE No. ALLoy Typt (PER F.) 
35236 Nichrome V 0.00426 
1406 Nichrome V 0.00412 
\.S.T.M. 1934 Nichrome V 0.00426 
X-100B Nichrome V 0.00459 
X-100 Nichrome IV 0.00248 


In view of the fact that slopes of the test 
curves of Nichrome V appear to be of the same 
order, it is assumed that the slope of X-100B, 
which is the present standard of comparison, is 
representative of the 80-20 alloy in its modern 
form. The second curve sheet is plotted on this 
assumption, and it shows the expected test life 
of a wire at one of the temperatures indicated 
when the number of hours of test life at the 
standard test temperature of 21507 F. is known. 

lt must be remembered that the standard 
test is conducted on wire No, 22 American wire 
gage and under the most severe oxidizing con- 
ditions that can be devised. Committee B-4, 
while developing the life test, tried many cycles 
of heating and cooling and definitely established 
that the cycle of two minutes heating and two 
minutes cooling gave the shortest life for wire 
of this approximate size. 

It has also been established by Committee 
s-4 and verified by tests made in Europe, that 
the effect of size of wire is immaterial between 
IS and 24 gage (0.040 and 0.020 in. respectively). 
lt is therefore possible to say that for normal 
sizes of wire used in heating appliances, where 
the wire is used under strictly oxidizing condi- 
tions, the minimum life at the operating tem- 
perature would certainly not be less than that 
indicated in the figure above, because under 
normal conditions of use in heating appliances, 
the element is held at temperature for much 
longer periods of time than two minutes. 

The life of a wire in service depends upon 


Minimum Hours of Life at Operating Temperatures 


60 &0 /00 20 4 600 

Hours of Life in Standard Test [2/150 
Curves Showing Minimum Life of Modern 80-20 
Nickel-Chromium Resistance Wire at Other 
Temperatures When the Life Has Been Deter- 
mined in the Standardized Procedure at 2150° F. 


two factors. These are the length of time at 
temperature and the number of times that it is 
cooled. Tests made some years ago indicated 
that the relation between the life of a wire which 
was continuously heated and one which was 
tested under standard A.S.T.M. conditions, was 
of the order of 20 or 30 to 1. A few interrup- 
tions of the circuit of a continuously heated 
wire will reduce its life to one-quarter or one- 
half. It would therefore be logical to assume 
that the life of the heating element in an appli- 
ance would certainly be a number of times 
longer than that of the same wire when tested 
at its working temperature but otherwise stand- 
ard life test conditions (2 min. on, 2 min. off). 

The chief point which has been established 
by the first set of curves in this article is that 
there is a definite and simple relation between 
life and temperature for each type of alloy. It 
should therefore be possible to say, under simi- 
lar conditions of service and in cases where 
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corrosion is not present, what the life of an ele- 
ment might be at one temperature, if it were 
known at another temperature. It is necessary, 
of course, to establish carefully the slope of 
curve for each alloy by many tests at three or 
more temperatures. If the points do not fall in 
line, it indicates inaccuracies in the test. 

While the above data and discussion are 
concerned principally with a small range of 
sizes of wire suitable for appliance manufacture, 
it indicates the possibility of applying the knowl- 
edge we have gained to any size or shape. It 
only remains to determine the life of some other 
sizes. This work has been started on resistors 
of No. & gage, applicable to small furnace 
work. The adjoining halftone shows the set-up. 
Hoyt and Scheil have described a test apparatus 
and procedure (of which the left half section is 
a copy) in “A New Heat Resistant Alloy,” & 
Transactions, December, 1935. The right sec- 
tion of our equipment uses the same general 
procedure but the shape of the sample under 
test is in the form of a hairpin sus- 


estimate the expected life of an element when it 
is operating at a new temperature, knowing the 
life obtained under the temperature conditions 
previously encountered. 

Procedure followed in the plant of Driver- 
Harris Co., by which the quality of electrical 
heating alloys is controlled, is as follows: 

Our methods of life testing or endurance 
testing are fundamentally the same as_ the 
A.S.T.M. standard, but revised slightly for 
greater convenience and speed. The panels or 
stalls are arranged facing each other, 36 on each 
side. The room is practically free from 
draughts; and each position is closed on all sides 
but the top and has glass in front. Placed on 
top of each test panel is an electric clock, which 
starts when the wire fails. In production con- 
trol a heat is cast, one ingot is rolled to rod and 
a portion of the rod drawn to the test size, 0.025 
in. diameter, and a life test made immediately. 
Two samples are tested and no further work on 
the heat is done in the mill until the life test is 


pended vertically. These tests are : 
run at constant temperature and are 
controlled by photo-electric cells as 
described in the paper just quoted. 

A view of some of our life testing 
panels is also given. Expansion and 
growth may be determined by means 
of the telescope shown, which is 
leveled and may be adjusted in a 
vertical plane. It contains a cross 
hair and is sighted across the weight 
on the wire at the cross-section paper 
on the back panel. The stalls at left 
indicate the mechanism for recording 
the end of the test. The weight on 
the end of the wire releases a trigger, 
which causes a mercury switch to tilt 
and start the electric clock placed 
above the case. Knowing when the 
test was started, the observer can 
figure back from his watch time to 
determine the actual end. 

Some samples under test are 
enclosed in a metal case and the tem- 
perature is read through a window. 
Such tests are being conducted in 
various furnace atmospheres. 

Designers of heating elements 
can make use of the life test data now 


Bench for Life Test, Modified for ‘s-In. Wires as Suggested by Hoy 


available and take advantage of the and Scheil. Left pair of stalls have straight wires; right pair hav 
increased life of alloy by running at unloaded loops. Temperatures are controlled by photo-electric cell 


a higher watt density. They can also —= 
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completed, The minimum limits allowed for 
approval are now many times higher than when 
this test was incorporated. Any material falling 
below this minimum life requirement is 
scrapped. 

Weekly tests are run on a standard wire of 
comparison and all tests are reported in terms 
of this standard, as well as in hours. In control 
work it is, of course, essential that the prepara- 
tion of the sample for life test be completed as 
quickly as possible, as otherwise a large inven- 
tory of unapproved ingots will accumulate. 

In conclusion, it now appears that if sufli- 
ciently careful life tests be made on an alloy in 
accordance with the A.S.T.M. method, a life- 
temperature relation can be established which 
will greatly assist in the design of heating equip- 
ment and will help in estimating the service that 
can be obtained from a heating element under 
varying conditions of temperature. 


Bank of A.S.T.M. Standard Life Tests. Creep of the 
wire ts measured by telescope (level), sighting past 
lower clamp to target mounted on rear of stall 


MAGNESIUM 
FROM MAGNESITE 


LANDIS 


Abstract of paper before American Electrochemical 
Soctely, 72nd Meeting, St. Louis 


of 
metal by 


electric 
been successfully achieved at Austro-American 
Magnesite Co. of Radenthein, Austria, at costs 


magnesite into magnesium 


furnace processes has 


competitive with that of either magnesium or 


aluminum from more conventional processes. 
There is a rapid development of this new proc- 
ess in several parts of the world, and its pro- 
duction volume bids fair to equal that of the 
older electrolytic process. Magnesium produced 
by this distillation process is particularly sound 
in the form of ingots and castings. 

The principal ore of magnesium is mag- 
nesite; such a high grade carbonate is readily 
calcined to oxide. The principal impurities 
are calcium carbonate, iron carbonate and clay. 
It is necessary to calcine at high temperatures 
to be certain that all volatiles are removed, that 
is, to “dead burn” it. 

Three parts of 
reduced by one part of anthracite at about 
1000° F. Magnesium 
are thus formed within the are, both leaving 
In fact, all the charge 


magnesium oxide are 


and carbon monoxide 
in the form of vapor. 
fed to the furnace is vaporized. 
ing the condenser (a_ horizontal 
tank attached to the side of the furnace itself) 
from the 


Vapors reach- 
eviindrical 
are therefore diluted with those 
impurities in the ore, and under these circum- 
stances, the dew point of the magnesium vapor 
is about 1800° F. 
occurs during further cooling to 1200° PF. 
Such finely divided magnesium is easily 
reconverted to oxide by carbon monoxide, thus 


and complete condensation 


reversing the reaction at the focus, so con- 


densation represents a complicated problem. 
Ordinary methods of cooling yield only 
magnesium oxide. The problem was most 
ingeniously solved by injecting undercooled 


hydrogen into the vapor stream as it leaves 
the reduction furnace, thus suddenly lowering 
the temperature of the vapor to 350° F. Such 
sudden cooling, and of necessity to such a low 
temperature, produces (Continued on page 210) 
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A MAN OF METALS 


Photo by Bachrach 


Fugene Gifford Grace 


PRESIDENT, BETHLEHEM STEEL CORPORATIO> 
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EAN AS AN ATHLETE in training, with keen 
L black eyes and a rugged jaw, Eugene Gif- 
ford Grace, president of Bethlehem Steel Corpo- 
ration, typifies the modern industrial executive. 

Those close to him say that he has never 
pounded a desk or lifted his voice above the 
normal number of decibels, yet under his regime 
Bethlehem has increased from an annual capac- 
ity of 848,000 tons in 1913 to substantially more 
than 10,000,000 in 1937. 

When he became president of the Corpora- 
tion he adopted the policy of conducting its 
business through an executive group located at 
Bethlehem, Pa., away from a metropolitan cen- 
ter. That policy of close association and contact 
among the principal executives permits the 
coordination of all branches of the enterprise by 
a single directing group. This form of organi- 
zation, while perhaps not unique, was not the 
form generally used in the steel industry in the 
management of scattered units of a single parent 
company, but it has proved highly eflicient, and 
in Mr. Grace’s opinion it has been the most 
important single factor in his development. 
Each executive head is fully responsible for his 
own line of activity. Mr. Grace holds that the 
corporation can function best as a group of 
creative minds with each individual given the 
opportunity to contribute his best in consulta- 
tion with the others, 

This spirit of mutual understanding and 
coordinated responsibility permeates all phases 
of the Bethlehem organization. Each man is 
encouraged to take as much responsibility as his 
talents will permit, and it is recognized that the 
private soldier may readily have some useful 
point of view which the brigadier generals have 
overlooked. 

Constant open-mindedness on the part of 
President Grace has given this hard-hitting, 
intent executive his reputation for diplomacy. 
He is impatient with idle chatting, has no fund 
of small talk, but is always interested in the 
other man’s point of view. He is an ardent 
reader of the newspapers, including those pub- 
lications which are ultra-critical of business, 
believing that the ostrich has made little prog- 
ress in evolution. 


‘Gene Grace is friendly with his industrial 
colleagues, is warm-hearted with the executives 
and employees of his Company, and is at his 
sternest before the camera or the portrait 
painter. 


It is significant of the rise of technology in 
the business world that Eugene Gifford Grace 
was graduated as valedictorian of the class of 
1899 at Lehigh University. The same summer 
he started work with Bethlehem Steel Co., run- 
ning an electric crane. His main idea was to be 
valedictorian of each job that was assigned to 
him and to apply the utmost knowledge of sci- 
ence to the improvement of the business. He 
was moved rapidly through various assignments 
in the steel-making department and in 1902 was 
made superintendent of vards and transporta- 
tion. With good prospects for the future he 
married Marion Brown of Bethlehem. The fam- 
ily home has always remained in Bethlehem, 
where two sons and a daughter were born and 
raised to maturity. 

When Charles M. Schwab purchased the 
Bethlehem company in 1905 he aimed to 
develop the men then employed without bring 
ing in outsiders. After trying out the Grace 
talents on the job of reorganizing mines in 
Cuba, Mr. Schwab made the young man general 
superintendent of the company, and a few years 
later president. At the age of 40 he was in 
charge of all the activities of the various sub- 
sidiary companies. 

At the time, the industrial world was 
astounded to see a country boy whose business 
life had been limited to a small-sized city ele 
vated to such a post. For FE. G. Grace had been 
born in Goshen, N. J., a crossroads community, 
on August 27, 1876. His experience had been 
entirely outside of the world of Wall Street. 
But Schwab had always held that the industrial 
work of the country was usually achieved by 
men outside of the metropolitan centers and that 
the financial problems could be readily grasped 
when the need should arise. 

This faith on the part of Mr. Schwab was 
justified by the young president promptly upon 
taking the helm. Within a year after Grace's 
appointment to head the steel company the 
World War began. Orders poured in upon 
Bethlehem and a huge staff had to be impro- 
vised rapidly. With the entrance of the United 
States into the conflict all the resources and 
facilities were virtually commandeered by the 
Government, and so effectively was the company 
administered that during the War period Beth- 
lehem supplied 40°: of the filled projectiles for 
field guns, one pounder size and upward, pro- 
duced by the United States and 60°: of the fin- 
ished field artillery. In becoming head of 
Bethlehem Steel Corp. in 1916 Mr. Grace was in 


February, 1938; Page 149 


| 
| 
i 
| 
: i 
| 
} 
| 
| 
3 
: Be | 
y wr. » 
r 
| 


charge of the shipbuilding plants, which deliv- 
ered about one fifth of the output of the entire 
merchant shipping completed in the U.S. during 
the War as well as more than half the torpedo 
boat destroyers built during 1918 —— the exact 
number being 26 in that one vear alone. 

Following the War the foresight of Mr. 
Grace was again exemplified in the decision to 
get back completely and immediately to a peace- 
time basis. Wreckers were busy smashing up 
machinery that made munitions. He did not 
want any tempting facilities standing around 
which would prevent clearing the ground for the 
peace. The Company's books were swept so 
clean of war business that the total value of 
munitions sold to foreign countries by Bethle- 
hem since 1925 has been less than $400,000. 

Deciding to find new markets and finding 
them are, however, two different things. Grace 
analyzed the situation. During the War he had 
found that the most economical procedure in 
expansion was usually to acquire existing plants 
where there was already adequate land, rail 
connections and some degree of other facilities 
ready to be developed. In this way the Corpora- 
tion not only acquired physical properties, but 
also going concerns — good-will, an established 
list of customers, but most of all, a personnel 
which had the knowledge and ability to assist in 
the growth of the business under the new man- 
agement. Hence Bethlehem’s era of post-War 
commercial expansion has been the procedure 
of acquiring and developing existing companies. 
Upon the acquisition of the Lackawanna, Cam- 
bria and Midvale properties in 1922 and 19238 
Bethlehem Steel Corp. undertook a construction 
program contemplating the modernization and 
development of the newly acquired plants, and 
the addition of finishing capacities both at these 
plants and at its other plants. 

These properties were in the East, however, 
and Mr. Grace felt that a well-rounded produc- 
ing organization should be better balanced, geo- 
graphically. Accordingly in the subsequent 
vears, Bethlehem has acquired producing and 
warehousing properties at three major points on 
the Pacific Coast. The Company likewise pur- 
chased McClintic-Marshall, with steel erecting 
and constructing facilities in major cities 
throughout the country as well as abroad. 

Grace is a believer in “permanent values.” 
He is impatient with the attempt in some direc- 
tions to characterize certain ideals and virtues 
as “old-fashioned.” He holds that permanent 
values do not become old-fashioned. They may 


be temporarily obscured or disregarded, but 
they are never discredited. 

One of the permanent values is sound 
health. “A sound mind in a sound body” is a 
view which has held good through the centuries. 
He regards his program of daily exercise to be 
as important as any other activity on his calen- 
dar, for his own clarity in thinking and effi- 
ciency in business. 

Grace believes that the Golden Rule is not 
only the paramount ethical principle, but also 
the basis of a well built industry. Under his 
direction, Bethlehem has been a leader in 
employee relationships. As long ago as 1918 
Bethlehem workmen drew up their charter of 
employee representation, and as each plant has 
been acquired the employees therein have 
developed and put into practice their own plans 
of collective bargaining. 

Similarly, Grace has encouraged the adop- 
tion of safety programs, the employees’ relief 
plan, a corporation-wide system of old age pen- 
sions and other items of social security which 
were in force long before such activities were 
generally advocated. 

In addition to Mr. Grace’s leadership in 
labor relations he has been active in many other 
activities affecting the welfare of the steel indus- 
try as a whole. Much of his time during the 
depression was devoted to cooperation with the 
Government in efforts toward recovery. When 
he was awarded the Gary Medal of the American 
Iron & Steel Institute in 1934, he was cited “for 
a ripened, selfless and resourceful leadership in 
formulating principles of self-government for 
our industry under the Recovery Act.” 

One of his outstanding achievements has 
been reorganization of the American Iron & 
Steel Institute. During his presidency of thal 
body, 1935 to 1937, many departments were 
amplified and others established. The Institute 
thereby became increasingly of service to the 
industry and to the public through its activities 
in research, in standardization and in better 
commercial practices. 

President Grace’s basic philosophy regards 
business activity as a public trust. His views 
may be summed up in a quotation from his 
address before the Lron & Steel Institute wher 
he said, “We have a tremendous responsibilit) 
to conduct this great enterprise — this. stee! 
industry —in a manner eminently and joint! 
fair to the workmen, to the investors and to tl 
public. These responsibilities and obligations 
are fundamental to all industry.” 
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Railroad steel castings have piece. Car underframes up to 
50 ft. long, and tender frames 
almost as long and cast solid to 
form the bottom of the water 


grown from the size of auto- 
matic coupler jaws and draft 
rigging parts (husky as they 
are) to six-wheel trucks, where 
side frames, crossbars and 
holsters are combined in one 


lank, are commonplace. Mar- 
vels of the foundry art are 
one-piece engine beds, with 


cylinders, steam chests and 
boiler cradles integral with the 
foundation for drive wheels and 
drawbars. Mr. Sheehan shows 
how these latter castings have 
tripled the availability or 
annual mileage of locomotives 


STEEL CASTINGS REPLACE 


BUILT-UP CONSTRUCTIONS 


BY WILLIAM M. SHEEHAN, GENERAL STEEL CASTINGS CORP. 


Manager Eastern District Sales 


Eddystone, Pa. 


pes steel casting has been in extended indus- 
trial use for less than 50 years, although it 
was introduced at a much earlier period. One 
of its most important fields, and the one prin- 
cipally treated in this paper, has been in railroad 
work where it performs many useful functions, 
for in common with other forms of steel, it 
inherently possesses high fatigue resistance, 
toughness and tensile values, all of which can 
be substantially increased by skillful metallurgy. 

To appreciate the rapid strides which the 
use of cast steel has made in railroad work, it 
will be interesting to review car and locomotive 
construction as they were at the turn of the 
century, 

Locomotives then were small, low-powered 
and thermally inefficient, runs were short and 
division terminals had to be located about 100 
miles apart because road failures were common 
and constant attention was required. The foun- 
dation for the locomotive machinery was built 
largely of iron forgings with a few iron castings, 
the largest of which was the half-cylinder, then 
of very small size. There were, except for a 
few isolated ones, no steel castings on them. 
These locomotives could haul perhaps 50 cars 


of low capacity and these in turn were lightly 
built. Freight cars and locomotive tenders had 
arch-bar trucks and wooden truck bolsters; 
their underframes were of wood with steel 
plated wooden body bolsters. Passenger cars 
had wooden framed trucks and wooden under- 
frames with steel plates as reinforcing pieces. 
Nearly all couplers were of malleable iron. 

Costly maintenance of locomotive and 
tender foundations and trucks made it impera- 
tive that more efficient materials and forms be 
secured, and this resulted in the general adapta- 
tion of steel castings, which, up to that time, 
had been little used. 

In detail, the previous form of locomotive 
machinery foundation consisted of two frames 
of forged wrought iron bars, which carried the 
boiler and the evlinders and had a few forged 
crossties to keep the frames in a parallel posi- 
tion. Enlarged locomotives required heavier 
frames. Finally the frame became a limiting 
factor in locomotive size on account of the diffi- 
culty and cost of forging it. In the middle 
nineties, railroad men and locomotive builders 
who had been observing the progress in steel 
making conceived the possibilities of cast steel 
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main frames. The first ones were on a six-wheel 
switcher built in the St. Louis Southwestern 
Railway shops in 1896, and this date began 
the move toward the locomotive of 1938. 

It is fitting that a steel foundryman pay 
tribute to the progressive railroad men. During 
the past five vears, the railroad industry has 
been truly reborn. As an example of the operat- 
ing progress which has taken place, consider 
that only 15 vears ago, seven steam locomotives 
successively were used to handle a New York 
Central through passenger train between New 
York and Chicago. Now there are but two and 
were it not for the change to electric operation 


As a matter of fact, during the past decade, 
principles developed in the automotive and 
aeronautical industries have been introduced 
into railroad equipment. But there is one strik- 
ing dissimilarity: Railroad equipment must 
have a far greater degree of permanence built 
into it. The service life of a locomotive in years 
is several times that of an automotive vehicle 
or an airplane. Modern high speed locomotives 
make almost as many miles in a month as a 
passenger automobile does in the hands of the 
original purchaser, and as many miles in a year 
as a commercial motor truck piles up in its 


entire life! 


Single Casting of Mild Steel for Union Pacific 4-8-4 Locomotive, 
Typical of Engine Beds Installed Under Modern Motive Power 


through Cleveland, one modern steam locomo- 
tive could make the entire run with ease. 

Several vears ago, a man prominent in the 
automotive field took the railroads to task for 
lack of progressiveness. He entirely neglected 
to consider that the necessity of building rail- 
road equipment for so much more severe condi- 
tions involves an entirely different: treatment 
than is required in the automotive and aero- 
nautical fields. In no undertaking is so much 
emphasis laid on safety as it is in railroad 
operation. The record is so nearly perfect that 
the public unconsciously thinks of railroad 
travel as accident-proof. Railroad executives 
therefore insist that every improvement in 
equipment and service, including lighter rolling 
stock and elimination of superfluous weight, be 
measured by its relation to safety. 


These facts emphasize the importance ol 
engineering design in steel castings for railroads 
(and other industries). Experience has clearly 
proven that proper design is of much greater 
concern to the user than either manufacturing 
or metallurgical practices, although the value of 
neither of these should be under-rated. Th: 
experience of one steel founder covering a 
period of more than 30 vears indicates that ove! 
80°° of his casting difliculties were overcome by 
changes in design. 

For instance, there are definite thicknesses 
below which steel casting sections should not be 
reduced. These minima vary with the size anc 
shape of the casting and also with the experi 
ence and the practice of the particular foundry 
It is essential that all passages in the mold be o 
sufficient width to prevent “freezing” before th: 
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entire mold and the risers above it are filled. 
Advances in foundry technique and metallur- 
gical practice have now made it possible to cast 
much thinner sections than was thought prac- 
ticable only a few vears ago. 

Returning from this diversion to a roughly 
chronological account of the development of 
railway steel castings, it may be pointed out that 
side frames for freight car trucks were first 
made of iron-bound wooden timbers, then later 
of rolled steel arch-bar trusses when the wood 
Subsequently, as weights 
of cars and speeds of the 
hazards of the bolted arch-bar truck prompted 
the development of the cast steel side frame and 


proved inadequate. 


irains increased, 


also of the cast steel truck bolster. Many unsuc- 
cessful attempts have since been made to sup- 
plant both of these items with various forms of 
built-up riveted and welded construction; mean- 
while, many improvements have been incorpo- 
rated in the cast steel forms and their freedom 
from maintenance has made them the accepted 
standard. In fact, the built-up arch-bar truck is 
now outlawed. 

Since 1905, when they were introduced, the 
truck frames, both four and six-wheel, of pas- 
senger cars have been almost without exception 
one-piece steel castings embodying not only the 
longitudinal and transverse members, but also 
many brackets for such auxiliaries as brake and 
The 
ciated bolster and spring plank have also fol- 
On the high 
speed, light weight trains recently introduced, 


spring rigging and train lighting. asso- 


lowed the same unit principle. 
many of these frames have been made of high 


The box- 
section members of the castings provide ample 


tensile alloys for minimum weight. 
beam and torsional strength. 


Don’t Up tHe Locomotive 


This might well be the slogan of every rail- 
road man. The locomotive is potentially the 
most productive tool the railroad possesses. As 
the earning power of the locomotive depends 
on the time it is in service moving trains, every 
possible increase in availability, capacity and 
efliciency is diligently sought for and utilized. 

In conformity with this principle the entire 
under-structure of the modern locomotive and 
tender comprises integral cast steel foundations 
such as guiding, driving, trailing and tender 
trucks, locomotive beds, driving and truck wheel 
centers, pilots, ash pans, water bottom tender 
frames and stoker troughs. 


Probably the outstanding example of a suc- 
cessfully proven large steel casting is the steam 
locomotive bed. This is now so generally used 
that it may be said to be a standard part of 
American railway practice. First introduced on 
the New York 1924, it 
rapidly adopted by the large railroad systems 
of the United States, Canada and Australia. It 


is, for equivalent strength, considerably lighter 


Central in has been 


than former construction and, if made of the 
same weight, possesses much greater strength. 
Before its introduction, yearly mileages per 
locomotive were from 20,000 to 50,000; modern 
bed-equipped locomotives make from 100,000 to 
150,000 miles annually. 

The 


frames is caused by loose bolts between the side 


principal maintenance on built-up 
frames and the connecting and attaching parts, 
brackets, 
cylinders, engine truck center pin, guide bearer 
Bolts hold- 


ing the frame and cylinder, and the frame and 


especially the front deck, air pump 


crosstie and motion work crosstie. 


crosstie, often “work” so fast they have to be 
renewed one or more times between shoppings 
and each renewal means that the hole must be 
reamed. It is a common thing to find that these 
bolts, which are usually about 1!) in. diameter 
when new, have been increased in size in five to 
seven vears, through repeated reamings and 
renewals, to as much as 2!,; in. diameter. 

As the initial spacing is usually as small as 
possible, this reduction of approximately 1 in 
in the bridge between bolt holes is a serious 
matter and invites, and eventually causes, a 
Although the bolt body 


may be increased with successive reamings, the 


crack across the bridge. 


room required for wrench clearance for turning 
the nuts necessitates adhering to the original 
thread and nut size, thus resulting in a bolt with 
two diameters. This aggravates the difliculty. 

A recent survey of the comparative frame 
and cylinder maintenance costs, by a road hav- 
ing several groups of the same class of locomo- 
tive, showed that the first lot of 50 with built-up 
frames and separate cylinders had a great deal 
less availability than subsequent lots equipped 
with beds. The miles per month decreased with 
the 
frames, while the monthly mileage of the com- 


age of the locomotives with the built-up 
parable bed-equipped power remained fairly 
constant. All of the bolting difliculties previ- 
ously mentioned were found to be present in 
these built-up frames. Hence it was justifiable 
to replace these built-up frames and cylinders 


with one-piece beds. 
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Casting the Bed Frame of a Locomotive Tender Into a Water-Tight Bottom for the Cistern 
Not Only Increases Its Capacity But Lowers the Center of Gravity and Minimizes Corrosion 


This decision was hastened by main frame 
failures which had followed the welding of 
crossties and cylinders to the frames, such weld- 
ing having been done in an effort to relieve the 
attaching bolts and help keep them tight. These 
frames, in some instances, had broken adjacent 
to the welds from thermal strains set up in the 
high carbon steel due to application of welding 
temperatures. It was impracticable to normal- 
ize these assembled structures on account of the 
almost certain distortion which would follow. 

The development of the one-piece steam 
locomotive bed was along no “royal road,” for 
it must be recognized that it represented a long 
step forward. The rules governing design were 
largely empirical, and it was early found that 
they could not be applied to the one-piece bed. 
A new technique had to be developed not only 
in the art of molding and machining, but all 
previous ideas on locomotive casting design had 
to be either discarded or entirely revamped. 

Experience on several roads with the earlier 
design of beds showed that weaknesses devel- 
oped where calculated stresses seemed to be 
very low. It was found that thermal strains 
produced by expansion and contraction of the 
steam in the eylinders and passages were 
responsible for most of these difficulties. These 
studies also indicated that the loose bolts and 
failures of the cylinders and other parts of the 
built-up frame construction could be directly 
traceable to the same source. Ways and means 
were found, by changes in design, to relieve 
these stresses in the one-piece bed, and now 


even a slight service defect in the vicinity of the 
integral cylinders is a rare occurrence. 

Attempts have been made from time to time 
to improve the construction of the so-called bar 
or two-rail type of main frame, but none has 
proved of lasting value. The latest effort is the 
“flame-cut frame” which consists of a two-rail 
type of frame cut by a gas flame from a rolled 
slab. The cast steel frame of this same type has, 
as a result of improved foundry practice, been 
brought to such a high degree of efliciency that 
a failure rarely occurs from direct stress; in fact, 
the principal difficulties are those caused by 
loose bolts and inadequate sections at bolted 
connections. The substitution for a casting of a 
rolled steel member, no matter how perfect, 
under such conditions would apparently have 
little to offer in the way of improved service. 

Much attention has also been paid to the 
design of the driving wheel center. This is a 
large subject in itself, and since it has been 
discussed in some detail by Raymond L. Collier 
in Merat ProcGress last February, it will only be 
mentioned here. 

The development of the tender for steam 
locomotives presents another excellent example 
of the adaptability of steel castings in a most 
rigorous service. Earlier tenders with two four- 
wheel trucks carried 4000 or 5000 gallons of 
water and about six tons of coal. Their frames 
were made of wood, and the combined cistern 
and coal bunker were superimposed on these 
frames. Later, as the water capacities were 
raised to 6000 or 8000 gallons with correspond- 
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ing increases in coal, the wooden frames were 
replaced with rolled steel sections having cast 
draft housings and pivotal connections for the 
trucks. In this design sulphur bearing coal and 
cistern leakage caused rapid corrosion. 

In 1907 the first one-piece cast steel tender 
frame was introduced. It immediately found 
favor, and its use was rapidly extended, so that 
in 1917, when the United States Railroad Admin- 
istration was developing standard locomotives, 
it was decided, in the interest of economical 
tender maintenance, to use it in all the standard 
locomotives. At that time, tender capacities had 
grown to as high as 12,000 gallons of water and 
16 tons of coal. 

During the years following the War, an 
intensive drive was made to increase locomotive 
availability, efliciency and economy. It was 
found that larger tenders, operating through the 
arid Southwest, permitted longer locomotive 
runs with fewer stops. However, it was found 
that these larger tanks tended to separate from 
the frame in a collision and telescope the loco- 
motive cab. 

Nevertheless, the demand for still larger 
tenders continued, and this was accompanied 
by the urge for still greater safety. Limits of 
height and width had been reached = and 
increases in length meant, in most cases, longer 
turntables and engine stalls. With these large 
tenders, too, it was evident that the center of 
gravity should be lower. Out of all of this grew 
the water-bottom tender in which the depth of 
the tender frame was utilized for additional 
water capacity. The bottom of the cast steel 
frame was made a solid pan, and the sides, ends 
and internal bracing attached to its upper sur- 
fhee. This formation of the tender frame as the 
cistern base, in addition to effecting a large 
increase in water capacity, entirely removed the 
telescopic hazard and substantially lowered the 
center of gravity. With this modern tender, 
water capacities have been raised to 25,000 gal- 
lons and coal to 36 tons. During the past vear, 
one road wishing to use a large tender and keep 
within restricted wheel loads, decided to use 
two eight-wheel trucks, and such tenders are 
now under construction. 

A further improvement in water-bottom 
tenders is the water-bottom stoker trough. In 
these coal for the locomotive is conveyed from 
the tender through crushing elements in the 
stoker trough to the fire box. Previous practice 
sacrificed a portion of the volume for a com- 
partment for inspection and maintenance of the 


stoker. The sides of this compartment formed 
cistern walls, and the surging of the water 
against them was always a source of expensive 
maintenance in very restricted space. 

The heavy duty imposed on the built-up 
trough due to its dual function of conveyor and 
crusher, and the difficulty of adequately bracing 
it to the tender, while at the same time per- 
mitting the periodic removal without undue 
complication, made an improved construction 
imperative. Cast steel has effectively met every 
one of the requirements, 

The cast trough is permanently welded on 
top the tender frame. The underside of the 
trough proper is the top of a water compartment 
and all the surrounding space formerly unused 
is now a part of the cistern. Seven vears of 
service with no repairs other than replacement 
of the wear plate in the crusher zone have amply 
demonstrated its utility. The freedom from 
corrosion of the cast trough, together with its 
sturdy construction and the ability to adequately 
and permanently attach it to the balance of the 
tender thus provide another very important 


improvement, 


Many THOUSANDS IN SERVICE 


There are now in service over 25,000 cast 
steel tender frames and more than S000 cast 
steel underframes for freight cars, these latter 
covering almost every type of car. The largest 
single lot was for 1500 flat cars built in 1931 by 
the Pennsylvania Railroad. The cast. steel 
underframe makes the freight car a much 
stronger unit and almost indestructible even in 
a wreck. On account of their corrosion resisting 
qualities, cast steel underframed cars have 
proven of great value in the transportation of 
bulk sulphur and coal. There are also several 
hundred such cars in ore service on the Missabe 
Range in northern Minnesota. 

The use of steel castings in railroad service 
today is so general that no further historical 
reference seems necessary. They have in nearly 
all important applications superseded gray and 
malleable iron castings, and even forgings 
except in uses requiring highest resistance to 
dynamic stresses, such as main and side rods 
and axles, 

There has been considerable discussion as 
to the physical and chemical characteristics of 
various cast steels for different railway needs. 
It would seem logical to determine this question 
largely on the basis of the use to which the 
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particular casting is to be put. It must, however, 
always be borne in mind that every railway 
vehicle is subject to the hazards of wreck or 
other emergency conditions. It is important 
therefore that structures of the size of beds, or 
tender frames, be made of material that will 
withstand much shock and at the same time be 
readily weldable if damaged in accidents with- 
out the necessity of subsequent heat treatment. 
It is equally important that the casting be made 
of ductile material that will withstand deforma- 
tion with the least amount of fracture, and when 
this occurs, it is essential that these can be read- 
ily straightened. 
For this reason, a low carbon steel similar 
to Grade “A” in A.S.T.M. specification, A87-36 
was selected and the results over long periods 
have been most satisfactory. As there are many 
machined surfaces on these large integral cast- 
ings, heat treatment subsequent to their 
machining would warp them and impair their 
usefulness. On the other hand, by proper selec- 
tion of welding rod and the use of accepted 
welding technique, damaged portions of these 
large low carbon steel castings can be repaired 
with the expectation of permanently successful 
results. Experience clearly indicates that it is 
wise, both with lower carbon steels as well as 
alloys, to sacrifice some degree of tensile 
strength in order to obtain toughness and weld- 
abilitv. There are of course uses such as driving 
wheel centers which require a harder steel on 
account of special requirements such as with- 
standing axle and crank pin pressure fits. There 
are also cases where alloys can be economically 
introduced in order to obtain minimum weight 
and maximum strength, but these must be con- 
sidered as special individual cases. 


WELDING OF STAINLESS 


BY |. CG. HOLMBERG 


tbstract from The Welding Journal, Oct. 1937, p. 44 


\W ITH THE GROWTH of popularity of stainless 
steels has come a corresponding growth in 
acceptance of welding as a correct method of join- 
ture. Satisfactory performance has encouraged a 
remarkable expansion, especially in the chemical 
and food industries, of large and complicated equip- 
ment. Struthers Wells-Titusville Corp. has, through 
a period of years, developed some welding tech- 
niques which may have general interest; we early 
realized that the methods were dissimilar to the 
welding of heavy steel plate, and therefore equipped 
a shop for the sole purpose of working alloys. 
Preliminary fitting must be quite accurate if a 


smooth “sanitary polished finish” is to be achieved 
(as frequently specified for tanks and equipment 
for the food industry). To secure this, all seams 
must be flat with no depressions that would not 
polish clear and clean. 

Clad or bi-metal sheets introduce special prob- 
lems. The joint must have the strength of the steel! 
backing, vet the noble surface must not be con- 
taminated with iron. In the case of nickel-clad 
steels, so popular for caustic resistance, we assem- 
ble and tack the component sections together from 
the outer (steel) side — then weld the nickel side, 
using a pure nickel electrode. We then chip out the 
tacks and complete the welding from the steel side 
This produces joints with iron dilution under 5° 

In attaching the necks and other fittings be 
careful that no steel surfaces are left exposed. 
Nickel welds at these points must be rather wide 
and carefully examined for evidence of porosity. 

(Continued on page 194) 
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Vetal ceramics is the apt term less bearings, 
resistance welders, carbide cut- 


used by Dr. Hoyt to denote 
molded mixtures of metals and 
non-metals fired at high tem- 


ling tools 


peratures. The starting point lines of the 


is powdered material, properly 
blended. Results include oil- 


mention only 
the most important ones. Out- 
manufacturing 
processes and the resulting 
properties are given, together 


electrodes for with indications of a wider 


field of utility. Dr. Hoyt ts 
especially well fitted to discuss 
carbide cutting tools, as he did 
much work when with the Gen- 
eral Electric Co. on the early 
development of hard carbides 


METAL CERAMICS 


MOLDED FROM POWDER 


BY SAMUEL L. 
Director of Metallurgical Researc} 
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A DISCUSSION of powder metallurgy con- 
tained in December ProGress (page 
749) described products which are essentially 
homogeneous, whether they be pure metals with 
or without small amounts of non-metallic addi- 
tions, or alloys of two or more metals. We come 
now to a branch of powder metallurgy which 
can be distinguished from the former by the 
presence of two major phases, though the dis- 
tinction may not in all cases be very rigid. One 
of the phases or constituents may be a cement 
which holds the grains of the major constituent 
rigidly together. Porosity may play an impor- 
fant part in these products in one way or 
another, as we shall see. 

Perhaps the first bodies of this kind to be 
inade were the copper-tungsten electrodes for 
spot welding and the porous bronze-graphite 
bearing materials. The former was made by 
pressing up a tungsten ingot, sintering it at such 
a temperature that while considerable consoli- 
dation and strengthening were produced, con- 
siderable porosity was left in the sintered 
product. This porosity had also to be of the 
continuous type. The final step was that of 
heating the porous bar in a hydrogen furnace in 
contact with molten copper. The copper was 


drawn into the pores by capillary attraction and 
produced a composite bar which was about 10% 
copper. The tungsten matrix or skeleton gives 
the body great strength at high temperatures 
while the copper is present in sufficient amount 
to give it quite high conductivity. On account 
of this combination of properties this material 
has found use as welding electrodes and is able 
to compete even with copper or copper alloys 
under many conditions of temperature and 
pressure, 

While the process is simple enough in prin- 
ciple, it is necessary to have all the steps under 
fine control if uniformity of copper penetration 
and the physical and electrical properties are to 
be uniform.- Control of both porosity and cop 
per penetration is provided by control of the 
particle size of the tungsten powder, assuming 
other conditions to be held uniform. 

The second product mentioned above is 
now known generally as the “oil-less bearing.” 
This is a porous, vet compact, bronze which con 
tains graphite. Its composition is close to 88°, 
Cu, 10% Sn and 2% graphite. It is an excellent 
bearing and, with the pores filled with oil, it is 
generously self-lubricating. 

Oil-less bearings were first made by mixing 
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copper and tin oxides with graphite, pressing 
into shape, and then firing in an atmosphere of 
hydrogen to reduce the oxides and sinter the 
bronze powder which formed. This produced a 
bronze matrix which contained graphite uni- 
formly disseminated and which was somewhat 
porous, voids amounting to about 35¢¢ by vol- 
ume, Upon treating this body with lubricating 
oil the oil was sucked up into the pores where 
it became an ever ready source of lubricant. 
A small amount of heat or pressure applied to 
such a bearing drives oil out to the surface, both 
of which responses are favorable characteristics 
of a bearing. 

Their excellent lubricating properties make 
them eflicient as bearings while their unique 
capacity for storing oil and supplying it when 
needed makes them especially valuable for 
inaccessible places. Probably the closest 
approach that is made to the oil-less bearing by 
melting and casting is the well known leaded 
bronze bearing metal, and it cannot be produced 
in a porous condition. (Attempts have been 
made to produce a porous cast alloy by heating 
to a temperature above the melting point of the 
eutectic and centrifuging to expel the liquid 
portion). 

The method outlined above has since been 
modified for commercial use by starting with 
the two pure metals in powder form, instead of 
the two oxides. 

These bearings were quickly adopted by 
industry and today they are used in the automo- 
tive industries in great quantities. It is under- 
stood that this application is responsible for the 
greatest use of metal powders in metallurgy. 
The industry is truly on a production basis with 
automatic machinery for mixing the powders 
and pressing the parts and controlled atmos- 
pheres for sintering them. Great emphasis is 
placed on the accuracy of dimensions, and ease 
in fitting them in place in the finished assembly. 
Further economies result in a freedom from 
machining costs, except for minor shaping oper- 
ations, and the practically complete utilization 
of the raw material. 

The competitive method of casting a bronze 
bearing requires the use of sink heads, risers, 
or runners, and the parts have to be made some- 
what larger than the finished size and hence 
have to be machined, all of which produces 
scrap metal. On the other hand the powdered 
metals cost more to produce than the ingot 
metals used in melting. More recently iron 
powder has been substituted for copper in some 


bearings to secure greater strength (American 
Machinist, May 20, 1936). 

One peculiarity showed up in the early 
experience with this product. While the finished 
part could be whittled with a pen knife and 
could be crushed fairly easily, machining it was 
a practical impossibility. Even a light cut of 
short duration was suflicient to take the edge 
off a high speed steel tool. The only plausible 
explanation for this outstanding characteristic 
is that the graphite here acts as a powerful 
abrasive, and this behavior appears to deny the 
very reason for its addition to the bronze! 


CEMENTED CARBIDES 


We come now to one of the most fascinat- 
ing products of powder metallurgy, the hard 
cemented carbides. 

It has been known for years that many of 
the metallic compounds are excessively hard 
and attempts have been made frequently to uti- 
lize this outstanding property. By an interesting 
coincidence it was at the lamp factories which 
must use diamond dies for drawing tungsten 
wire that this work became of great importance, 
though I do not wish to infer that no others par- 
ticipated in this work on the hard compounds. 

It was first attempted to make dies of fused 
tungsten carbide and while this work does not 
concern us here, a very interesting metallo- 
graphic system was discovered in which the 
structural changes during solidification of the 
highly carburized metal limited the product to 
the eutectic mixture of the two carbides, W.C 
and WC. It was also found that by controlling 
the cooling conditions a reasonably fine grained 
mixture of these two carbides could be secured 
which gave serviceable dies. This, and other 
experience, drew interest to tungsten carbide on 
account of its extreme hardness. 

A step of major significance was taken 
when, instead of fusing tungsten carbide, tung- 
sten metal powder was converted into the car- 
bide WC and a small amount of cobalt was 
added to cement the carbide particles into a 
body of great hardness and great compressive 
strength. This was the first of the cemented 
carbides which are now so extensively used for 
dies, tools, and other purposes which utilize this 
outstanding combination of properties. 

The tungsten powder is the same as is used 
for the manufacture of lamp filaments. It is 
mixed intimately with fine carbon and fired at 
about 1500° C. (2750° F.) to convert it into WC. 
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(Of course the carbide WLC could be made by 
this method if desired but it does not have as 
valuable characteristics as WC. The same is 
not true of the fusion process, for WC cannot be 
made to solidify in the pure state directly from 
the melt.) 

After the carburizing treatment the com- 
bined carbon content is about 6.1‘. with no free 
carbon. Under certain circumstances a certain 
amount of free carbon can be tolerated but there 


steel balls — for one reason to produce a cobalt 
smear on each carbide particle. Before milling, 
the two mixed powders could be separated with 
a magnet but, after milling, the entire mass 
responds to a magnet. 

Pressing and sintering are carried out in 
about the same way that was described for tung- 
sten in the former article except that the sinter- 
ing temperatures are lower, On the other hand 
some powders press up less readily into sound 

bars of uniform texture than others 


and if a material is otherwise of good 
quality the mixture may be treated 
with a binding material like paraflin 
dissolved in kerosene. Upon driving 
off the kerosene the paraflin coats the 
particles and improves the action of 
the powder during pressing. 

Usually the pressed bar is pre- 
sintered at a low temperature which 
strengthens it sufficiently for prelimi- 
nary shaping; in this condition the 
bars can be readily cut and approx- 
imately the correct final shape given 
to each part. The final sintering is 
done at some temperature in the 
range from 1550 to 15000 C. (2150 to 
2750) ~F.), being higher for smaller 
amounts of cobalt. This converts the 
mass into a permanently hard and 
strong condition which can then be 
shaped only by such operations as 
grinding, lapping, and polishing with 
the hardest abrasives. 

It has been found that good 


~. results can be secured by pressing the 

Maing «f Powdered Tungsten Carbide With Cobalt} and Often Some carbide-cobalt mixture at about the 

Bier Like Paraffin Is Done in Small “Ball Mills. These contain steel same temperature as that used for 


Gas fhat rub the powders together, smearing each particle of carbide with 


final sintering. Furthermore it has 


(He ductile binder. Photographs were taken in the new plant of Firth- : 
SMPling Steel Co. for making “Firthite Firthalloy” sintered carbide tools also been found that with this method 
= : -_ — the three powders of tungsten, cobalt 


appears to be no advantage in having it. The 
cobalt powder is prepared by hydrogen reduc- 
tion of powdered cobalt oxide, the latter having 
been first properly purified. There is some 
advantage in using fine cobalt for mixing with 
the carbide and hence it is reduced at a fairly 
low temperature. If the powder is too fine to 
expose to the oxidizing influence of the air it 
can be sealed off under carbon dioxide. 

Having produced the two powders of tung- 
sten carbide and cobalt they are mixed in pro- 
portions running from 3 to 13°) of cobalt by 
weight. This is done in a steel ball mill with 


and carbon can be pressed hot 
directly into the final product. Here the cobalt 
acts to accelerate the combination of tungsten 
and carbon to produce WC. 

This process has been of some use in 
reclaiming fragments of the fully sintered prod- 
uct, but it is used principally because with it 
fine diamond chips can be successfully incor- 
porated into the cemented carbide. This dia- 
mond-impregnated material serves as a suitable 
substitute for massive diamond and has advan- 
tages over the common diamond for such things 
as wheel dressers. The superhard matrix of the 
carbide does not readily wear away and hence 
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maintains adequate support for the active dia- 
mond particles. 

The cementing action of cobalt may be 
described as follows: As the mixture is heated 
to the full sintering temperature the cobalt dis- 
solves a certain amount of the finer carbide and 
forms a liquid phase. This liquid wets the car- 
bide particles and draws them together, while 
upon cooling the cobalt phase becomes a solid 
cement. It is so attenuated that it acts like a 
thin film rather than like the soft) massive 
cobalt. Apparently when the cobalt exceeds 
about 20°. by weight the effect of massive cobalt 
enters strongly and the body loses the great 
hardness of the standard product. 

Iron and nickel can be used to cement tung- 
sten carbide but neither is as satisfactory. Some 
metallographical reasons for this difference 
have been recently advanced by Takeda in the 
Honda Anniversary Volume of Science Reports, 
Tohoku Imperial University, p. 861. 

Manufacture of dies and tools from the 
cemented carbide does not fall within the scope 
of the present discussion but we may digress 
long enough for a few comments on the methods 
developed to process this material. Some of the 
non-metallic carbides are even harder than tung- 
sten carbide and can be used to grind and lap 
them, while diamond dust is also used for the 
more exacting requirements. With the equip- 
ment and technique available, the cemented 
carbides are regularly worked to as close toler- 
ances as any that are used for the softer metals. 
As an example, a ring gage is made so accu- 


rately that the plug can be prevented from 


entering by squeezing the ring in the fingers 
Hence the initial dimensions in the unstressed 
condition must have been extremely accurate 

The success of the cemented tungste 
carbides attracted considerable attention, par 
ticularly along the lines of developing improve- 
ments or at least substitutes. This resulted in a 
great amount of work as will be clear from a 
reading of the book by Becker the 
“Hochschmelzende Hartstoffe und ihre tech 
nische Anwendung.” The whole class of hard 
metals or compounds has been examined 
including nitrides, carbides, silicides, borides, 
phosphides, and double compounds, and even 
solid solutions of the hard compounds have been 
disclosed. While we may assume readily enough 
that many of these have interesting properties, 
additions to the tungsten carbide which have 
met the requirements imposed by commercial 
usage have so far been limited to the tantalum 
carbide TaC, and the titanium carbide TiC. 

Of these two the former is the more impor- 
tant and has the unique combination of great 
hardness and low coeflicient of friction or 
seizing against steel. When machining steel the 
tungsten carbide tools are worn by the chip 
which passes over the top cutting face, while 
the tantalum carbide tools are much less 
affected by this action. The technique used for 
the production of tantalum carbide is much the 
same as that used for tungsten carbide except 
for the difference already noted for tantalum 
it must be protected against hydrogen and nitro- 
gen when heated though here there is no harm 
from heating in carburizing atmospheres. 


Powders Are First Pressed Into Billets and Sintered at Low Temperatures Under Hydrogen Into a Mate- 
rial That Is Easily Cut Into Tool Nibs and Useful Shapes. These are then sintered at high temperature 
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Ts Tue Propucts or Powper METALLURGY Fungsten also has the lowest coetlicient of ther- 
sed 4 mal expansion of the metals. This is the metal ee 
ite ; At the beginning of the first article it was which provides our best lamp filament, the best a 
el ; pointed out that the survival of powder metal- \-ray tube target, the best contacts for automo - 
ar lurgy must depend on its accomplishing some- live ignition systems, and also enters into other ye 
ve. © thing not possible with — or not as easily done products of powder metallurgy. 7 
la q by the older or more conventional arts, Stated Another element, which is now used because f 
a > in another way, the products of powder metal- its production can be mastered by the processes rs 
he lurgy must have unusual and outstanding prop- of powder metallurgy, is tantalum. This metal 4 
h ; erties. Let us now review some of the principal is both strong and malleable and is outstanding iS 
rd ; characteristics of the more common products. in the chemical field on account of its superior 
‘d : We have learned that tungsten makes the resistance to many types of corrosive attack. If 
S, © best known lamp filament. This is primarily we could evaluate this characteristic by some 
n a due to the combination of a low vapor pressure simple figure we should undoubtedly see that it 
T and a high melting point which permits opera- too was unique. Tantalum also finds ready use 
h | tion at high temperatures. A second advantage in the construction of vacuum tubes though it is 
S, ' of the high melting point is the possibility of the chemical field that gives it its chief claim to 
e ' sintering the pressed ingots at temperatures of utility. The marked malleability of tantalum is 
7 3000° C. to secure good workability, though it surprising in view of the brittle character of the 
1 might be argued some day that such a require- somewhat similar metals tungsten, molybdenum 


ment simply reflects the inherent properties of 
a material that has both a high melting point 
t and a low vapor pressure. 

Actually tungsten is the most refractory of 
all the metallic elements. It may not be as well 
known that tungsten is also our strongest ecle- 
ment when drawn into fine wire less than 0.001 
in. in diameter, and that it has the highest 
modulus of elasticity. The figures are 600,000 


and chromium, for all four of these metals have 
the body-centered cubic arrangement. This 
behavior of tantalum would appear to warrant 
more attention on the part of our scientific 
investigators. 

Molybdenum is the third clement produced 
by powder metallurgy commonly used today but 
its properties do not fit it for any outstanding 


use in the pure state. Its cost in the wrought 


psi. and 60,000,000 psi. respectively. It is also form is less than that of tungsten and this factor 
the strongest metal at high temperatures. Con- is chiefly responsible for most of its applications a 
trary to the common rule tungsten is most duc- in the lamp and vacuum tube industry. 
tile (at room temperature) when in the hard Coming to the metal ceramics we meet addi 
drawn and fibrous condition. ‘Tungsten is the tional superlatives. At the head of the list come Tie 
heaviest of the common metals, with a density the cemented carbides, principally tungsten and 
of 19.3 g. per ce. Though not hard in the usual tantalum carbides. They have the highest cut xe 
sense, with a Brinell hardness number of but ting efliciency of any metal or alloy, whether : 
little over 200, it is practically non-machinable. measured in terms of the Taylor constant: or : : 


Tips, Which Form the Cutting Edges, Are Fastened in Notches in Steel Shanks by Copper “Brazing Snug 
issemblies are heated to 2050° F. in strongly reducing atmosphere and the copper penetrates the joint 
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determined in the production shop. They are 
also capable of machining the hardest sub- 
stances that are commonly machined. Though 
the diamond is still harder, its inherent tend- 
ency to chip limits its use to light finishing or 
burnishing cuts, 

While it cannot be said that cemented car- 
bide is harder than the chief constituent, we 
may say that it is the hardest metallic body 
Which still possesses the strength of steel. In 
some cases this hardness amounts to about 2500 
kg. per sq.mm. as a measure of the resistance 
to the penetration of a diamond point. Our 
hardest steel runs just above 1000 on the same 
scale. These same materials retain their hard- 
ness at elevated temperatures to greater 
degree than do other metals. 

The transverse modulus of rupture, which 
is a measure of the strength, runs from 200,000 
to 300,000 psi. and over, as compared to steel 
which may run over 100,000 psi. The cemented 
tungsten carbide also has the greatest compres- 
sive strength of any material, or from about 
600,000 psi. up to nearly 800,000 psi., and Dr. 
Jeffries has written me that this property has 
enabled the material actually to open up a new 
field in the study of high pressures. This is 
about double the compressive strength of hard 
steel. — Furthermore, the carbide of tantalum 
and its associate the carbide of columbium have 
the highest melting points of any substance with 
the possible exception of the element carbon. 

Actually their melting points lie above tooo” C, 
(7250° F.). 

Welding electrodes for heavy duty made of 
copper-tungsten again owe their use to superior 
properties — an outstanding combination of 
high electrical conductivity and high crushing 
strength at elevated temperatures. The porous 
bearings also provide a rather unusual combi- 
nation of bearing properties and self-lubrication 
that cannot be duplicated by the more conven- 
tional metallurgical arts. 

This brief review establishes the significant 
fact that powder metallurgy occupies its posi- 
tion on account of its ability to produce mate- 
rials with outstanding properties, and not 
because the processes are inherently cheap or 
simple in comparison to other arts. Some of the 
characteristics of powder metallurgy are = so 
effectual in reducing production costs that we 
may some day find that the new art is capable 
of competing on equal terms with the older 
metallurgical arts for the production of the 

same part. 


THREE-DAY conference on “Lubrication 
LAX and Lubricants” was recently held in Lon- 
don under the auspices of the Institution of 
Mechanical Engineers. From a serial report in 
The Engineer, starting with the issue for Oct. 
15, 1937, and editorial comment, the following 
brief notes are taken: 

Since the principal function of lubrication is to 
reduce friction, an inquiry into the true nature of 
the latter is in order. Properly known, it would 
harmonize much diversity of opinion about lubrica- 
tion. A tentative theory is that friction is molecular 
in origin. It is suggested that when two bodies are 
placed in contact, those areas of the surfaces lying 
within the range of molecule-forming forces unite 
and form a number of litthe bridges between the 
two bodies. When motion occurs, the bridges are 
broken with a generation of heat. When the bridges 
are broken, fresh areas come into contact and form 
new bridges. According to this interpretation, we 
are to suppose that the areas within the molecular 
range are constantly changing their position on the 
surfaces of the bodies, and the true nature of a 
lubricant is to reduce the number of areas lying 
within the molecular range. 

Some experiments to substantiate these ideas 
used two bodies of different metals as the junction 
of a thermocouple, and it was found that relative 
motions created very high temperatures. With lead 
and mild steel, local temperatures equaling the 
melting point of lead were recorded. With other 
metals, temperatures of 1800° F. were recorded 
Temperature increased with speed of sliding and 
with load on the bodies: high 


so high 


although not quite 
temperatures were recorded with water 
lubrication. Foree required to maintain. sliding 
motion is not constant but fluctuates violently. 
There is an alternate sticking and slipping with 
resultant high temperatures. The stick is for a 
short time and the high temperature is dissipated 
very rapidly. 

The mechanical theory concerning the actions 
in slow speed journal and thrust bearings is well 
worked out and understood by designers. However, 
each installation is a problem in itself. The mainte- 
nance of the oil film is often impossible, the bearing 
temperature or the rate of heat transfer may be the 
primary factor. Another consideration which com 
pels the bearing designer to deviate from theory is 
the impossibility of obtaining geometrical perfec 
tion under practical conditions. Bearing propor 


(Continued on page 206) 
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While some use has been made because of the inability of most manganese steel. Use has 
of alloy steels by American maintenance departments to developed from 50 experi- 
railroads prior to the advent of recognize and repair such parts mental cars in 1935 to 2650 cars 
the light weight streamliners, properly. Important recent in 1936 and over 5000 cars in 
the usual custom was to avoid = developments include light 1937. Mild nickel or nickel- 
materials whose utility weight trucks for freight cars, vanadium steel is favored for 
depended on heat treatment, made of normalized nickel- engines and passenger cars 


NICKEL STEEL CASTINGS 


IN RAILROAD ROLLING STOCK 


BY N. ARMSTRONG, 


Development and Research Division 


pag railroads have long recognized 
LA the advantages of alloy steel and certain 
roads had standardized on alloy for such cast- 
ings as locomotive frames, driving wheel cen- 
ters, and crossheads, but it was not until the 
development of light weight streamlined trains 
that serious consideration was given to alloy 
steel castings in car construction. Truck frames 
were specified for these cars of cast alloy steel, 
as it was desired to lighten the weight of the 
trucks but at the same time it was essential 
that the truck frames, lightened by change of 
design and by reducing the section, possess both 
high elastic properties and toughness. 

At about the time streamlined trains began 
operating, an equally interesting but much less 
publicized development was the reduction of 
dead weight in freight cars, accomplished by 
using rolled, low alloy, high tensile steel for car 
bodies and replacing carbon steel side frames, 
bolsters, yokes and other cast parts with alloy 
steel castings. 

In these developments cast nickel steels 
have played an important part. Some of the 
compositions have been used extensively in 
other fields; others are new and were developed 


INTERNATIONAL NICKEL CO, 


New York City 


to meet special conditions resulting from radical 
changes in design of equipment and from 
changes in operating conditions, 


LOCOMOTIVE CASTINGS 


High ductility is one of the primary requi- 
sites for locomotive frame castings; high tensile 
strength, while desirable, is not as essential as 
toughness. High strength permits reduction in 
size of sections but the limit in locomotive 
frames depends more upon rigidity require- 
ments than upon the inability to obtain high 
tensile properties. The toughness of the cast 
nickel steels, together with high fatigue strength 
and excellent ductility, has been the basis of 
their selection. 

A composition that has met with general 
approval contains a maximum of 0.20°. carbon 
and a minimum of 2% nickel. After a double 
normalizing and tempering treatment this steel 
possesses high ductility, good tensile and fatigue 
strength, and elastic and impact properties 
much superior to carbon steel of equivalent 
strength. The heat treatment consists of air 
cooling from the range 1700 to 1850-7 F., air 
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Stress-Cycle Curves Indicating Endurance Limit of 
Treated Steels 
Below, 


Noled as “A” and 
Points connected by 
unbroken at lower 
and then breaks 
additional alternations 


and drawing at 


This steel also possesses the 


are often below zero. 


property of retaining its toughness at low tem 
peratures, which contributes to uninterrupted 


service on railroads where winter temperatures 


A second composition used for locomotive 


frame castings is a nickel-vanadium steel with 


ao of carbon, and a minimum 
of nickel and O.10', After 4 
double normalizing and drawing from the same 


vanadium. 


ranges this steel possesses properties similar to 
those of the low carbon, 2‘. nickel steel, as can 
be seen by the table below. 

As the carbon content in both the nickel 
and nickel-vanadium alloys is limited to a com- 
paratively low figure, these steels do not ai 
harden and therefore may readily be welded in 
place and without a subsequent strain. relief 
anneal. Before are welding had been accepted 
as an approved method for joining steel parts 
the usual method for repairing broken frames, 
which at the time were of higher carbon content, 
was to use the thermit process. These welds 
would generally last the life of the frame but it 
was not unusual for another break to occur next 
to the weld. Lowering the carbon content and 
building up strength with alloys has done much 
to prevent broken frames, and on the rare occa- 
that 


welded without damage to 


SIONS breaks do occur they are fusion- 
adjacent sections. 

Design of locomotive frame castings has 
undergone several radical changes within the 
last ten vears. The article in this issue by Mr. 
Sheehan shows that practically all large locomo- 


tive frames are cast in one piece with the evlin 


CHEMICAL COMPOSTTION TENSILE REDUCTION 
ELONGATION 
MANGANESE! NICKEI VAN ol REA MPAGCI 
Low Carbon, 20 Nickel Steel; Double Normalized and Drawn 
USO 2.26 (Steel A) 81.000 200 53.2 62 
OSI 2 2 28.0 ob 
OS? 2.18 S0.200 3005 62.5 64 
2.10 51.000 70.000 $2.5 
Low Carbon, Nickel-Vanadium Steel; Double Normalized and Drawn 
0.62 1.44 0.09 DS O00 78,000 260 17 
O64 1.62 O.10 D7.000 83.500 27.0 
1.60 0.08 64,006 $4,000 30.0 O03 

Medium Carbon, Nickel-Vanadium Steel, Double Normalized and Drawn 
1.52 O11 66.200 96.000 27.5 56 
1.66 65.400 95.000 28.0 57.5 60 
0.97 1.54 60.500 90.000 17 
1.62 0.12 64,000 94.000 27.0 55.0 57 
0.97 1.60 7O500 96 800 28.0 60.0 59 

Nickel-Manganese Steel, Normalized and Drawn 
1.48 1.43 62,800 91.400 28.5 O3.5 5 
1.60 1.41 OS 400 101,700 26.5 29.5 65 
1.62 1.43 69.800 96,500 27.0 57.0 63 
1.44 1.57 (Steel B) 65.400 500 2PS.0 
1.41 1.40 61.000 99.200 24.5 57.5 11 
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ders integral. These one-piece beds are proving 
more satisfactory than any other type. 

Low carbon steels do not possess suflicient 
strength for locomotive castings that are sub- 
iected both to wear and stress of high magni- 
tude. When higher strength and hardness are 
desired nickel-vanadium or 2° nickel, each 
with a carbon range of 0.25 to O.45°.. is often 
specified, Also it is not unusual to raise the 
manganese to approximately Heat treat- 
ment is as before noted. These alloys are used 
principally for crossheads, links, and occasional 
wheel centers. There is one disadvantage com- 


mon to all the higher carbon steels that spe- 


cial technique is required to prevent cracking 


when the castings are repaired by welding, and 
they must be subjected to a stress relief anneal. 

It is not impossible to obtain a high strength 
steel that has good welding characteristics, as 
this combination of properties may be secured 
by using a composition containing very low car- 
bon and comparatively high alloy. However, 
the high alloy content not only increases the cost 
of the steel beyond the limit that the consumer 
is Willing to pay but very low carbon content 
increases the difficulty of producing sound cast- 
ings, a factor that will also lead to higher costs. 

As in the case of locomotive frames, pas- 
senger car truck frames fail not by wear but by 
Inpact or by fatigue resulting from repeated 
tresses of lesser magnitude. By lowering the 
irbon content and building up strength with 


alloving elements, both fatigue strength and 
resistance to impact have been improved to such 
an extent that sections have been lightened with 
out decreasing the safety factor. 

The same two alloys which have been popu- 
lar for locomotive frames have proven to be 
equally as satisfactory in frames for passenger 
car trucks. 

Freight car castings with but few exceptions 
are of entirely different design from those used 
In passenger cars. Castings for the two types of 
service differ somewhat properties due to 
these differences in design and, to a= certain 
degree, operating conditions. 


fhe American Association of Railroads has 


Truck Frame for Union Pacific Streamliner, Light in Weight but 
Imply Safe, Made of Nickel-Vanadium Steel, Cast and Heat Treated 


tentatively adopted a specification for high ten- 
sile CGight weight) freight car castings that con- 
forms to A.S.T.LM. Specification Class 
B, Grade 2, which requires tensile strength of 
90.000 psi., vield point of 60,000) 22.0%, 
elongation and 15.0' reduction of area. On 
casual examination this does not appear to be 
a particularly difficult specification to meet, but 
when it is realized that most of the railroad 
equipment foundries have confined their activ- 
ities to mass production of carbon steel castings 
and that heat treating and handling equipment 
in these shops was installed without contem- 
plating the treatment of alloy steel, the physical 
requirements do present some difliculties. These 
foundries, in spite of their handicaps, have pro 


duced excellent high tensile castings. 
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The most popular alloy for freight car cast- 


ings is one containing approximately 0.30°, 
carbon, 1.50% manganese, and 1.40‘. nickel. 


One advantage of a nickel-manganese steel is 
that the analysis is easier to control than in a 
composition depending upon two oxidizable 
alloys. Nickel also acts somewhat as a stabilizer, 
as it permits a rather wide manganese range; 
by adjusting the drawing temperature within 
the range of 950 to 1200 


variations in composition may be compensated. 


I’. to suit the analysis, 


Such castings require a minimum of handling 
during treatment as the composition possesses 
suflicient “kick” to permit air cooling on the car, 
if a car-type treating furnace is employed. 
Treatment consists of a single normalize at 1500 
to 


mechanical 


and a draw, whereupon this steel 
possesses properties considerably 
above the requirements. Fatigue strength of 
tensile is also a 
high 


although this property will vary somewhat with 


approximately 50° of the 


characteristic, as well as resilience, 


deoxidation practice, and will suffer at the 


expense of high strength if the drawing tem- 
perature is on the low side. 


Weight is Saved in Modern Streamliners in Three 
Combustion Engines; B. Stainless Steel Superstructure; C. 


(,ENERAL TREND 


It is difficult wha! 


extent alloy castings will be used by the rail 


to determine to just 
roads in the future. Alloy castings for locomo- 
tives are no longer on trial as they have been in 
service a suflicient length of time to demonstrate 


their superiority for certain applications. The 
freight car development is by far the most 


important from the standpoint of tonnage, and 
although there are about 7000 freight cars in 
service equipped in 1936 and 1937 entirely or in 
part with light weight castings, not including 
900 cars built for South American 
general acceptance will depend upon the man- 


railroads, 


ner in which these cars perform during the next 
several years and whether advantages resulting 
from reduction in dead weight will more than 
compensate the higher initial cost. It is evident 
that light weight passenger equipment, on the 
other hand, is here to stay. 

Because of these facts it appears safe to 
predict that in the not-so-distant future the rail- 
road industry will be one of the largest con- 
sumers of alloy steel castings. 


Principal Directions: A. Internal 
(lloy Steel Trucks and Wheels 
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Psyehrometrie Chart. High Range 


By Donald B. Brooks; National Bureau of Standards. Publication M-146 
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lf Resting in the concrete “destruction” pit pictured above is a high-pres- 
1) sure valve of cast Nickel alloy steel. This is where the Hughes Tool Com- i 
| pany of Houston, Texas, tests the strength capacity of valves that are wey 
if used in the petroleum industry. This firm made its first 10,000 p.s.i. valve ; 
| over a year ago and the metal selected for the job was cast Nickel alloy : 


steel. The high pressure 10,000 p.s.i. valve illustrated held up to 28,500 
p-s.i., nearly three times its specified capacity, in this “destruction” test. 


. 

lopsy-turvy, this picture showing a man , 
be suspended from a highly magnetized ; 
4 pulley merely through the attraction of 


the nails in his shoes. Up-keep costs are 
usually revolutionized whenever Nickel! 
alloy steel parts are used. High costs 
come down because Nickel imparts 
added strength and toughness—greater 
resistance to breakage and wear. In this 
case it’s the Nickel steel shaft running 
through the magnetized pulley that act- 
as the watchdog of the treasury. Des- 
tined to go into magnetic separator 
equipment made by Dings of Milwaukee. 
this shaft had to be of small diameter, 
yet capable of carrying unusually heav» 
loads. Nickel steel won the job because 


Here is a story with a tinge of David 
and Goliath. A tiny wrench doing 
battle with a torsion machine to de- 
termine the load the former will 
' bear before deformation. Note the 
lhe steel rod which the wrench is grip- 
ping. When bolts were used instead 
I} . of the rod, the heads were twisted off 


without the slightest effect on the 
wrench. Note also that this particular 
wrench is labeled “Nickel molybde- 


of its superior strength—in this particu 
lar instance 200,000 p.s.i. Our engineer- 
will be glad to consult with you and te 


num” steel—the reason for its hereu- 
lean strength. 


point out the many ways in which th: 
Nickel alloy steels will save you money 


THE INTERNATIONAL NICKEL COMPANY, INC., NEW YORK, N. Y. 
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LETTERS FROM 


HOME AND ABROAD 


AUSTENITIC WELDING RoDs 
For SELF-HARDENING STEELS 


Panis, FRANCE 
To the Editor of Mevar ProGress: 

A feature of both are and oxy-acetyvlene 
fusion welding, which is lately receiving con- 
siderable attention, is the use of austenitic steels 
for electrodes or welding rods, particularly the 
nickel-chromium austenites such as 18-8 steel. 

The remarkable fact about the use of these 
austenites for welding rod is that they can weld 
not only the austenitic steels, which is natural, 
but also high strength, pearlitic or even marten- 
sitic steels formerly considered unweldable. 

For the nickel or nickel-chromium steels, 
such as the stainless 18-8, welding rod of the 
same analysis as the base metal can be used and 
will make a weld which is chemically and 
micrographically sound. However, care must 
be taken to avoid the possibility of future 
trouble caused by precipitation of high chro- 
mium carbides. Thermo-magnetic analysis of 
this secondary segregation (as described by 
Chevenard and Portevin) shows that complete 
local “de-chromization” of nickel-chromium 
austenites may be caused by the formation of 
these carbides with resulting bad effect on cor- 
rosion resistance. 

In welding the unstable austenitic manga- 
nese steels (12%. Mn, 1‘ C) the investigations 
made by the writer and Mr. Séférian show that 
stable, high nickel austenites must be chosen for 
welding rods or electrodes in order to secure a 
homogeneous weld structure and uniform hard- 
tess. These properties cannot be secured by 

ding with the unstable austenites, particu- 
larly in the base metal, even though the joint is 
mically sound. 


In welding the non-austenitic steels with an 
austenitic rod or electrode an intermediate hard 
and brittle martensitic zone is formed which 
must be corrected in the following ways for the 
different types of steel: 

For pearlitic or sorbitic high strength steels 
(tensile strength 85,000 psi. and over) nickel- 
chromium steels of high nickel content (12 to 
15‘, and 22 to 25°.) can be used to stabilize the 
austenite, and thus, as shown by Mr. Wache, 
reduce to a minimum the martensitic zone 
formed by diffusion with the base metal, espe- 
cially at the edge of the chamfer. The 18-8 
steels, while they would be more attractive from 
the standpoint of cost and strength, are too close 
to the austenitic frontier to act in this way. 

The austenitic steels are used in a different 
manner for welding high strength steels of the 
nickel-chromium varieties of self-hardening and 
carburizing steels. Advantage is taken here of 
the low thermal conductivity and non-hardening 
properties of this material to prevent brittleness 
of welds in self-hardening steels without having 
recourse to a heat treatment affer welding — a 
matter always costly and frequently very difli- 
cult to carry out. 

The self-hardening nickel-chromium steels 
and their Ni-Cr-Mo-V derivatives are not weld- 
able with rod or electrode of identical composi- 
tion, that is to say, if a chemically homogeneous 
weld is to be made. An austenitic steel of the 
18-8 Cr-Ni type should again be used. 

After deposition, however, a hardened zone 
is found in the base metal close to the joint, 
which increases the brittleness of the joint so 
that under shock, as by a gun shot for instance, 
the joint may fail. This fracture sometimes 
takes the appearance of scale on carburized 
parts. This hardened zone may be determined 
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by macrographic inspection, which also indi- 
cates the thickness of metal so transformed by 
the welding heat. 

All the tests undertaken have shown brittle- 
ness after welding because the base metal is 
locally hardened where the welding bead is 
deposited. Furthermore, it is often impossible 
either because of large dimension or unwieldy 
shape to submit the welded whole to a restora- 
tive heat treatment. 

On the basis that it would be possible to 
avoid brittleness in the metal underlying the 
weld by protecting the transition zone against 
the effect of the high welding temperature by 
means of a protective coating such as a non- 
conducting, non-hardening layer of austenite, 
Mr. Boutté developed the following procedure: 

1. A non-hardening austenitic metal such 
as 18-8 is first deposited on the surfaces of the 
chamfers to a depth slightly greater than the 
thickness of base metal which would be trans- 
formed by the welding heat. 

2. The parts so treated are annealed to 
eliminate the brittle zone, and if necessary, they 
‘an be hardened and tempered to give the 
desired mechanical properties. 

5. The parts are then assembled and the 
joints welded, using austenitic electrodes or 
rods (18-8 or some other composition with Ni, 
Mn, Ni-Mn, Ni-Cr), the weld being made entirely 
upon the deposited coating, thus avoiding the 
necessity of again heat treating the base metal. 

Macrographic examination then shows that 
no martensitic zone surrounds the part that was 
melted (since it was transformed by the heat 
treatment before welding and does not re-form), 
and the welded assembly is not brittle under 
either static bending or impact tests. Even 
armor plate assembled by welding in this way 
can successfully withstand the acceptance tests; 
likewise high carbon steels, self-hardening 
steels and even carburized steels. 

Such results indicate the importance of the 
researches undertaken at the Institute of Autog- 

enous Welding in Paris (Ecole Supérieure de 
Soudure Autogene) and the significance of this 
method of welding by means of austenitic steels, 
particularly the nickel austenites. 

The essential characteristics of austenite 
namely, freedom from brittleness and good 
ductility, a highly hardened condition unsus- 
ceptible to further hardening, and low thermal 
conductivity — are thus put to good use. 

ALBERT PORTEVIN 
Professor 
Ecole Supérieure de Soudure Autogéne 


TIME-TEMPERATURE DIAGRAMS 


ro INpicaTe THermat History oF 
SPECIMENS 


LEOBEN, AUSTRIA 
To the Editor of Mevar Progress: 

It is a troublesome matter to go through a 
report containing a great number of pictures of 
structures when they must be correlated to very 
different heat treatments. It is very desirable to 
shorten this waste time, and for that purpose | 
have found from many years of experience that 
the simplest way is to attach to each picture a 
little time-temperature diagram which gives the 
whole heat treatment. It is then possible to see 
simultaneously the structure and the heat treat- 
ment which has caused it, and the above-men- 
tioned mental distraction is minimized. 


1000 


> 

500 

{ 


RT. 


7ime 


Micro of Structure of Patented Steel Wire, Magni- 
fied 1000 Times, and Time-Temperature Diagram 
of Heat Treatment Undergone by the Sample 


In order to make these diagrams as simple 
as possible, easy to read and not too extended 
(so that no difficulties in printing may arise) a 
number of conventional signs may be adopted. 
The ones I have used are given below, and they 
have already proved their utility. An example 
is also given of the following heat treatment: 
Heat from room temperature to 850° C. in 2.5 hr. 
(about 5° per min.), hold at that temperature 
for 12 hr., rapidly heat to 950° C., held at that 
temperature 30 min. (Until this moment all! 
treatments are done in a protective gas to avoid 
oxidation.) Quench from 950° in a lead bath at 
380° C., where the piece is held 10 min. Finally 
cool down in a compressed air blast to room 
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temperature in about 4 min. (average velocity 
of cooling 80° per min.). 

As shown by the sketch, slow heating is 
shown by an inclined line upwards and rapid 
heating by a vertical line. Quenching is indi- 
cated by a vertical line downward, and slower 
coolings by an inclined line downward to the 
right. Stays at plotted temperatures are repre- 
sented by horizontal lines; full lines may 
represent hours, dotted lines minutes (or abbre- 


; viations used after the numerals, which conserve 
the space necessary were they plotted to scale). 

If a more precise definition of the rate of 
heating or cooling is to be given, a number at the 


left of the respective line will indicate the 
degrees change per minute. Various letters 
placed on the right of these lines will also note 
mediums or special conditions. I have found 
; the following useful: 

a-—air (normal furnace without controlled 
| atmosphere ). 

ca —- compressed air. 

(furnace with controlled atmosphere ). 
vacuum. 


oil. 
s-— salt bath. 

l lead or other metal baths. 
“ water (temperature may also be noted). 
b brine. 


If the diagram seems to become too long, 
there is no difficulty in breaking the line show- 
- ing the first heating, so that only the end near 
shown. 
Mirscue 
Professor at Montanistische Hochschule 


EUROPEAN AGREEMENT 
on Impact TEsT 


ZURICH, SWITZERLAND 
lo the Editor of METAL PRroGreEss: 

In the issue of Merat Procress for August 
IN37 there appeared a letter by Federico 
Giolitti in which the writer mentioned an article 
by Mr. Menghi published in La Metallurgia 
lialiana for August 1936 about impact test bars. 
lt is stated therein that a general agreement 
mong European nations about “the question of 
the depth of notch is still under discussion after 
many years, and an agreement is not vet in 
view.” Dr. Giolitti added that the profound 
discussions in international congresses have 
only resulted in ever increasing difficulties to 
each an agreement on an impact standard. 


On page 138 of the same issue we also find 
Giolitti’s thought in an editorial in which the 
question of an agreement upon impact test bars 
was represented as unsolved. 

As a matter of fact, at the time when Mr 
Menghi was publishing his article the agreement 
in question was on a fair way to its realization. 
The earliest efforts began with the work of the 
former Association Internationale des Méthodes 
d’Essais. These deliberations, which were inter 
rupted in 1914, were taken up again by the 
International Federation of National Standard. 
izing Associations (ISA). 

At a meeting of ISA Committee 17 at Dus- 
seldorf in 1933, at which there were qualified 
representatives of 11 countries (Germany, 
Austria, Belgium, Denmark, France, the Nether- 
lands, Italy, Poland, Sweden, Switzerland, 
Czechoslovakia) a majority of 10 of the 11 coun- 
tries supported the preliminary adoption of the 
two notches, $-mm. and 5-mm, deep, of which 
further tests should allow a definite selection of 
the standard notch. Italy was the only country 
which demanded adoption of the 2-mm. notch. 

After that meeting numerous tests were 
made in several countries, notably in Germany 
by Mailander, in Italy by Steccanella and 
Menghi, and in France by Dupuy, Mellon and 
Nicolau. From these researches, and after 
examining all the documents, a sub-committee 
of ISA Committee 17 met at Budapest in Sep- 
tember 1936, and accepted the following: 

“Germany proposes for an international 
impact test bar the dimensions 10x10 mm. and 
a depth of notch of 5 mm., which conforms with 
the French proposal. This proposal was 
accepted by the following 11 countries: Ger- 
many, Austria, Belgium, Denmark, Finland, 
France, Netherlands, Norway, Sweden, Switzer- 
land, Czechoslovakia. Poland reserves her deci- 
sion. Hungary proposes a notched depth of 
5 mm. for elastic steel and one of 2 mm. for less 
elastic steel. Italy and Japan are in favour of a 
2-mm. notch. The Assembly would have been 
pleased if Italy and Japan could have accepted 
the German proposal.” 

This test bar, 10x10 mm. with a depth of 
notch of 5 mm., was definitely adopted by ISA 
Committee 17 at Paris in June 1937. 

It appears necessary to call the attention of 
American specialists studying the question of 
impact tests to this accomplished work which, 
despite the seeming lack of unanimity in the 
European continental countries noted in the 
above mentioned issue of Merat ProGress, indi- 
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| : . cates that an agreement has been finally reached. 
: This is the conclusion of a long series of 
| scientific research work and of experiments by 
the “Association Internationale pour PEssai des 
oss Matériaux.” In fact, this association adopted 
: Mr. Charpy’s proposition and Mr. Ehrensberger’s 
Peete report, first in 1909 at Copenhagen, and then 
I ay again in 1912 at New York, which called for : 
3 depth of notch of 5 mm. for the 10x10 mm. bar 
for impact tests. 
| European engineers would be very pleased 
if their American confréres would note this 
important result— obtained by the Interna- 
| cee tional Federation of National Standardizing 
NAc cide Associations — and if they too would adopt this 
| ; standardized test bar. 
H. 
Secretary 
ISA Committee 17 
sit CAUSE OF HAIR CRACKS 
LAFAYETTE, INb. 
ik To the Editor of Mera. ProGress: 
ate | We recently went on a hunting expedition 
| eT and bagged the specimen illustrated below at 
| ae 790 diameters in some mild steel tubing. 
1% iy Like the proverbial hair in the ointment, 
I Bas this hare was the probable cause of the speci- 
| | men showing weakness in bending. We had 
| ie several offers for purchase of this tubing and 
gt. ay we learned that the proposed buyers intended 
to make hare springs of the material. 
H. H. Lorn 
Metallurgist 
| Ross Gear & Tool Co. 


Hich TENSILE STRUCTURAL STEELS 
Lsep IN ENGLAND 
SHEFFIELD, ENGLAND 
To the Editor of Mevat ProGress: 


In the 
reached us, in England, during the last two 


technical literature which has 
years or so from across the “herring pond,” 
phosphorus occupies quite a prominent position 
as an alloving element in high tensile structural 
steels. Typical analyses of some of the latter 
show up to 0.20‘. or thereabouts of this element 
while, in patent specifications, still higher con- 
Here, in this 
country, one hears far less about the use of high 


tents are apparently visualized. 


phosphorus steels, possibly because our engi- 
neers and metallurgists are more conservative 
and still look upon phosphorus as a dangerous 
impurity in steel or, perhaps, because those 
among them who do not regard it as being quite 
so bad as it is often painted are nevertheless not 
so optimistic as to the virtues it might confer 
on high strength steel even if used under con- 
trolled conditions, 

Whether due to conservatism or lack of 
optimism, however, the development of higher 
tensile structural steels in this country has been 
colored largely by the requirements of Specifica- 
tion No. 548, issued by the British Standards 
Institution (B.S.L.), which calls for the following 
characteristics in steels of this type: It is stated 
that the steel may be made by the acid or basic 
openhearth or the acid bessemer steel making 
processes and, as regards composition, must nol 
contain more than 0.05‘. each of sulphur and 
phosphorus. (Those familiar with the contents 
of B.S.L. specifications will recognize that No. 
48 is by no means unique in this matter of com- 
position!) Carbon content is also limited to 
0.5°° max. and the steel is required to possess 
the following mechanical properties: 


Yield point. ..... 23 long tons per sq.in., minimum 
(51,500 psi.) 

Tensile strength. . 37 to 43 tons per sq.in. 
(82,900 to 96,300 psi.) 


Elongation. ...... 18‘) minimum on a gage length 
of 8 in. 
180°, sound 


The bend test is taken over a radius of 114 times 
the thickness of the plate. 
It may be noted that the specified range of 


tensile strength is rather higher than the values 


A ites frequently quoted as applying to the high phos 
NR ee Bagged Bunny — Bad Bend phorus structural steels used in America and 
actually, could not be obtained if dependenc« 
Vetal Progress; Page 172 


‘ 
4 
pAb 
4 
4 
> 
| 


were placed entirely on carbon content. This is 
ioted in the specification which further states 
that in order to give manufacturers the proper 
mount of freedom in the selection of the 
requisite alloying metals, limits for these are 
not given with the exception of copper —- which 
may be added, at the discretion of the steel- 
maker, up to a maximum of 0.6%. 

Steelmakers over here have produced sev- 
eral varieties of low alloy steels which meet 
these requirements and which are being used in 
increasing quantities where a stronger metal 
than ordinary mild steel is desired. The sim- 
plest type merely has the manganese content 
raised to 1.3 or 1.5%. Frequently, however, 
copper is added, in some cases about 0.3°° being 
used while in others the copper content is 
raised practically to the maximum allowed in 
Specification No, 548. 

More complex types contain chromium in 
addition to copper and in this case there is 
rather more scope for variation in composition. 
Generally chromium runs between about 0.5% 
and 1°, manganese being varied to give the 
requisite tensile strength, 

All these varieties of steels are capable of 
meeting the requirements of the B.S.L. specifica- 
tion in the form of bars, plates, angles, and 
other shapes in the rolled condition. As some 
indication of the properties regularly obtained, 
the following tests on plates and sections 1 to 
1 in. in thickness may be of interest: 


ELONGA- 
TYPE OF | TENSILE 
POINT |STRENGTH 8 Ix. 
Manganese Plate | 56,000) 85.100 24.0 
Angle | 59,400) 95,250 22.0 
Manganese- Plate | 54,000) 86,000 24.0 
copper Plate | 54,000) 85,000 26.0 
Plate 60,500) 95,500 22.0 
Angle | 54,200 89,600 24.0 
Manganese- Plate $54,900 86.200 21.5 
copper-chromium) Plate | 56,400) 96,300 21.0 
Plate (59,300 95,200 19.0 


Such steels as these have a workability not 
greatly different from that of mild steel. As 
regards welding, there is probably some tend- 
ency for air hardening to occur in most low 
alloy steels but this is reduced to a minimum in 
it least the manganese and manganese-copper 
steels, and perfectly satisfactory welds are 
obtained by are welding, providing suitable elec- 
‘rodes are used. If riveting is preferred, the 


B.S.L. specification mentioned earlier calls for 
steel, containing not more than 0.25° carbon, 
which will give a tensile strength of 30 to 35 long 
tons per sq.in. (67,000 to 78.500 psi.) coupled 
with a minimum elongation of 22°. on a gage 
length equal to eight times the diameter of the 
test bar. 

It is not necessary to enumerate the advan- 
tages which accompany the use of these high 
tensile steels. In many cases, saving in weight 
is one of the main objects. In view of the thin- 
ner sections then used—as compared with 
ordinary mild steel—— resistance to corrosion 
becomes of greater importance. For this reason, 
most of the high tensile structural steels actually 
used in this country contain copper which 
undoubtedly increases their resistance to atmos- 
pheric corrosion, particularly industrial 
regions. It is claimed, of course, that suitable 
additions of phosphorus increase corrosion 
resistance still further, a matter of considerable 
interest. 

The Central Research Dept. of the United 
Steel Companies, Ltd., has studied the matter 
and J. A. Jones has reported on “The Effect of 
Phosphorus on the Mechanical and Corrosion- 
Resisting Properties of Low-Carbon and of Low- 
Alloy Structural Steels” in the Journal of the 
Iron and Steel Institute, 1937-1, page 113. The 
indications are that the range of tensile strength 
laid down in B.S.I. specification 5148 is rather too 
high to be met with safety in a high phosphorus 
steel. The latter appears to be more suitable 
for a tensile range of $2 to 37 tons per sq.in. 
(say 70,000 to 80,000 psi.) rather than 37 to 43 
tons per sq.in. (say 85,000 to 95,000 psi.). Per- 
haps in the future the phosphorus steels may 
receive more consideration at the hands of 
British engineers than is the case at present but, 
for the time being, the steels most favored in 
this country as higher tensile structural steels 
are those described above. 

J. G. MoNyYPENN)Y 
Metallurgist 
Brown, Bayley’s Steel Works, Ltd. 


CORRECTION 
N THE CAPTION under the photograph on 


page 59 of the January number, an error was 
made in stating the precision of measurement 
of the Ewing extensometer. This should have 
been twenty millionths of an inch instead of one 
twenty-millionth, or 0.00002 in. instead of 
0.000,000,05 in. 
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PERSONALS 


Richard P. Stemmler @ has 
been transferred from the Ameri- 
can Steel & Wire Co. in Cleveland 
to the Wire Department of the 
United States Steel Products Co 
in New York City. 


Daniel Simonds has been 
made manager of the steel mill ot 
Simonds Saw and Steel Co., Lock- 
port, N.Y 


Walther Mathesius @ has been 


appointed vice-president in charge 


of operations, United States Steel 
Corp. of Delaware. Succeeding 
Mr. Mathesius as manager of 
operations, Chicago District, Car- 
negie-Ilinois Steel Corp., is Wal- 
ter E. Hadley @. E. E. Moore &@ 
becomes general superintendent 
of the Gary 
Works, succeeding Mr. Hadley, 
and is replaced by B. M. Livezey 
as general superintendent of the 
South Works. 


Carnegie-Illinois 


Phone or write today for Free 
Working Sample and Brand New 
24 page special booklet describing 
this low priced modern soluble oil. 


D. A. STUART OIL CO. Ltd. 


CHICAGO, U.S.A. - - EST. 1865 


Warehouses in Principal 
Industrial Centers 


Please address request for free sample 
and booklet to our general offices at 
2727 SOUTH TROY STREET, CHICAGO 
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Appointed protessor of chem- 
istry and head of the department! 
of chemistry at Carnegie Institut: 
of Technology, Pittsburgh: J. C, 
Warner ©. formerly associat 
professor of metallurgy. 


W. A. Olson &, chairman o! 
the Entertainment Committee, 
Rockford Chapter, been 
appointed manager of the Cleve- 
land office of Bridgeport Brass Co 


Transferred from. staff ot 
research laboratory, United States 
Steel Corp.: Harry F. Shannon 
©. to Silicon Steel Division, Van- 
dergrift Works, Carnegie-I}linois 
Steel Corp., as junior metallurgist 
on development work. 


O. E. Buckius @ has left Gen 
eral Metals Corp. and is now with 
Great Western Electro-Chemica! 
Co., Sacramento, Calif., doing 
mechanical engineering and draft- 
ing work. 


William Hovaten © lett the 
employ of the Carnegie-Illinois 
Steel Corp., Homestead, Pa., and 
is now a ball mill and flotation 
operator at the Creede Mills, Inc. 
Creede, Colo. 


E. S. Strang @,. formerly engi- 
neer of metals manufacturing at 
Hawthorne plant of Western 
Electric Co., Chicago, is now vice- 
president and general manager ol 
the New Haven Copper Co., Sey- 
mour, Conn. 


Transferred to Duquesne 
Works, Carnegie-Illinois Stee! 
Corp., Pittsburgh, as chief metal- 
lurgist: Philip Schane, Jr. 6. 
formerly chief metallurgist, 
Youngstown district. 


Vincent IL. Yesulton @ is now 
an instructor in the Vocational! 
Department of Greenfield (Mass. ) 
High School, teaching machine 
shop science, mathematics and 
drawing. 


Laboratory metallurgist with 
General Railway Signal Co 
Rochester, N. Y.: E. A. Basilio 
formerly metallurgist in the lab 
ratory of General Electrie Co 
Pittsfield, Mass. 
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- MY TELEPHONE CONNECTS WITH 


and so docs yours”* 


You buy contacts with many people when you buy Bell Tele- 
phone service. Your own particular telephone can be connected 
to practically any other telephone in the United States and to 93° 
of all the telephones in the whole world. You can use as much 


or as little of this service as you want, any time and at low cost. 


BELL TELEPHONE SYSTEM 


*The figure 19,000,000 is for the United States only. The tote! becomes ee 


35,000,000 when you add the overseas telephone connections of the Bel! System. i 
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Appointed district manager in 
charge of steel and tube sales in 
the Eastern and Southern Penn- 
svivania district: W. P. White, 
by Timken Roller Bearing Co. 
A. R. Adelberg, district manager 
in New York City, will supervise 
steel and tube sales in the Phila- 
delphia as well as in the New 
York City district. 


WYCKOFF 


COLD 


PHYSICALLY AND 


MICROMETRICALLY 


CORRECT. 


Control your production costs 
with the aid of Wyckoff con- 
trolled cold drawn steel service, 
—a service which enables us to 
duplicate the latest and most 
efficient grade of cold drawn steel 
for your purpose, time after time, 
with laboratory pre- 
cision and exactness. 
Avail yourself of 
this highly specialized 
service .. . get the ad- 
vantages of guaranteed 
machining perform- 
ance and year around 
uniformity. 


Roy E. Paine, secretary-treas- 
urer of the Golden Gate Chapter 
©. has been transferred from 
Oakland, Calif.. to the Los 
Angeles works of Aluminum Co. 
of America, Pacific Coast Divi- 
sion. 


Appointed secretary pro tem of 
the Golden Gate Chapter @: John 
Bermingham, E. F. Houghton & 
Co. Appointed treasurer pro tem: 
Frank B. Drake, Johnson Gear 
and Mfg. Co., Ltd. 


WYCKOFF DRAWN 
STEEL COMPANY 


Ground Shafting, Wide Flats up to 12"'x2" 
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Gerald M. Cover @ has been 
appointed associate professor of 
metallurgy at Case School of 
Applied Science. 


G. <A. Ledebur has been 
appointed representative of the 
Ajax Electric Co., Ine., in the 
Western New York and Western 
Pennsylvania territory. 


K. F. Finlay @ is now located 
in Painted Post, N. Y., for Inger- 
soll-Rand Co. 


Employed as student observer 
at Clairton Works of Carnegie- 
Illinois Steel Co.: Robert H. Bright 
©. formerly student at West Vir- 
ginia University. 


Transferred: Porter R. Wray 
©. from United States Steel Corp 
Research Laboratory, Kearny, 
N. J., to the alloy division of Car- 
negie-Illinois Steel Corp. in Pitts: 
burgh. 


J. A. Ogilvie &. formerly chief 
metallurgist of the Duquesne 
Works of Carnegie-Ilinois Steel 
Corp., has been transferred to the 
Tennessee Coal, Iron & Railroad 
Co. in Birmingham, Ala. 


Appointed by the Cambridge 
Wire Cloth Co.: George B. Flet- 
cher, as sales engineer for the 
Pittsburgh territory, covering 
West Virginia, eastern Ohio, 
western Pennsylvania, and the 
western part of New York State 


Edward M. Voss is now repre- 
senting the Philadelphia Drying 
Machinery Co. in western Pennsy!- 
vania, eastern Ohio and West 
Virginia, with headquarters at 
Pittsburgh. 


Rolland E. Stentz @ has been 
placed in the experimental labora- 
tory set up in Cleveland for the 


products development department | 
of Republic Steel Corp. 


Lawrence H. Seabright © 's 
now working in the Feeder Engi- 
neering Dept. of Westinghouse 
Electric & Mfg. Co., East Pitts- 
burgh, Pa., as laboratory and 
materials engineer specializing \ 
metal finishing work. 
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LIKE PEAS FROM A POD 


STEEL of uniform properties is the first key to a uniform 
product and to steady, economical production. 

By using Chrome-Moly steel (SAE 4140), a manu- 
facturer was able to heat treat 1/2” to 2” bolt stock in 
tonnage lots and still hold physical properties to close 
and difficult specifications. What's more, the steel was 
machinable enough after heat treatment to allow 


thread-cutting with a standard automatic die-head. 


Uniform response to heat treatment is but one 
of the many qualities of Moly steels that help to 
simplify production problems. 

Any engineering or production head interested in 
turning out a better product at lower cost will do 
well to look deeply into Moly steels and irons. Our 
technical book, “Molybdenum.” is free for the asking. 
Climax Molybdenum Co., 500 Fifth Ave., New York. 


PRODUCERS OF FERRO-MOLYBDENUM, CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 


Climax Mo-lyb-den-um Company 
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MESH> 
BELTS. 


vital Sidings in the 
Bright Annealing of 
Brass and Copper Tubing 


W.S. Rockwell Company of New York City, 
in designing the modern brass and copper 
tube par furnace shown above, natu- 
rally sought the utmost in economy of oper- 
ation and quality of production. 


Their engineers chose the “Cambriloy'’ mesh 
belt with “Duplex Selvage’’ because the open 
mesh provides low thermal capacity . . . spells 
uel economy . . . permits complete heat circu- 
lation, which in turn insures @ uniform produc- 
tion. The ' ‘Duplex Selvage’’ was naturally spe- 
cified as it provides double 
strength at the belt's high- 


wear point — the selvage. It ishsestss' 

adds countless extra hours of Bett 3 
service . . . offers freedom 
from operating difficulties. aes 


A Cambridge engineer is 
available to give your belt 
problems individual stud 

= recommendations. Call 
im. 


Boston - New York - 
‘Detroit - Chicago - San Francisco - New Orleans 


* 


Save the selvage and you save 
the belt. “Duplex Selvage™ is 
a patented Cambridge Feature. 


Baltimore - Pittsburgh 


PERISONAL 


W. E. Unverzagt @, formerly associated with 
National Tube Co., McKeesport, Pa., is now doing 
metallurgical research at United States Steel Corp 
Research Laboratory, Kearny, N. J. 


William C. Meyer @ is at present employed by 
the General Cable Corp., Rome, N. Y., as a student 
engineer taking the training course. 


K. L. Crickman @ is now in charge of the 
Indianapolis and St. Louis districts for the Carpen- 
ter Steel Co., with headquarters at Indianapolis. 


Jack Salvador @ is now located at the Peoria, 
lll., plant of R. G. Le Tourneau, Inc. 


Appointed sales manager of the Smoothare 
Welder and Welding Electrode Division, the Har- 
nischfeger Corp. of Milwaukee: Abbott F. Riehle, 
formerly in charge of sales for Riehle Brothers 
Testing Machine Division of American Machine and 
Metals, Inc. 


Albert Reichmann has resigned as vice-presi- 
dent of the American Bridge Co., having reached 
the retirement age of 70. 


Frank M. Daughety has been appointed comp- 
troller of Peter A. Frasse & Co., Inc., New York City 


George T. Hubbell has been appointed district 
representative for the State of Michigan by the Mul- 
lite Refractories Co., Shelton, Conn. 


Appointed manager of the Buffalo, N. Y., sales 
office of Worthington Pump and Machinery Corp., 
Harrison, N. J.: W. A. Meiter, succeeding C. C. 
Scott, who will devote his entire time to special 
work in the Buffalo district. 


Promoted from assistant eastern district man- 
ager to eastern district manager: James Boyd, by 
Westinghouse Electric & Mfg. Co., East Pittsburgh, 
Pa., with headquarters in New York City. 


Murray B. Wilson has been made manager o! 
the New York sales district of the American Rolling 
Mill Co. 


Carl Hildebrand @, Cleveland, has _ been 
retained in an executive capacity by Sandvik Steel, 
Inc. 


Appointed by Kropp Forge Co.: David C 
Babcock as representative in the Michigan territory 


Wayne Z. Friend has been added to the Devel! 
opment and Research Staff of the Internationa 
Nickel Co., Ine. 
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Today's trend, in both the production 
and service industries, is to better goods 
/ and greater efficiency—at the lowest possible 
cost. And that is why all industry today is 


turning to (AS—the one fuel that increases 


output and improves product quality while 


holding expenses in line to meet competition. 


Investigate! 


IN DUSTRIAL HEATIN 


American Gas Association 


INDUSTRIAL GAS SECTION: 420 LEXINGTON AVENUE, NEW YORK 
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PARK-KASE 


Points of Superiority 


ECONOMY 


Low Volatilization Loss 
Small Drag Out 


Rapid Penetration 
Low Heat Loss 
Reasonably Priced 


UNIFORMITY 


Laboratory Controlled Manufacture 


RAPIDITY 
.015” case depth in Thr. at 1550° F 


SIMPLICITY 


No other materials required 


ELIMINATION of FUMES 


Maintains its own carbonaceous cover 


CLEANLINESS 


Parts easily cleaned from oil or water 


quench 


INCREASED POT LIFE 


Distinct saving of time and money 


Specialists for over a quarter of a century in 
complete line of Stee! Treating Products— 
Carburizers Quenching Oils 

Lead Pot Carbon Tempering Oils 
Cyanide Mixtures Pressed Steel Pots 
Neutral Salt Baths Furnace Cements 
Meta! Cleaners Carbon Preventer 


PARK CHEMICAL CO. 


DETROIT 


WIRE ROPE AT 
LOW TEMPERATURES 


BY ANTON POMP AND ALFRED KRISCH 


{bstract from Mitteilungen, Kaiser-Wilhelm-Institut fiir 
Eisenforschung, Vol. XIX, p. 97, 1937 
HOISTING and telpherage cables are exposed 

to considerable variation in temperature 
during the course of a year. In mountainous 
country particularly, temperature changes are 
often very abrupt, and readings as low as 60 
below zero may be recorded. Little is known 
about the properties of rope wire at these low 
temperatures and the authors have therefore 
investigated 20 types of wire to determine tensile 
strength, elongation, reduction of area, resist- 
ance to bending, and torsion strength in the 
range 70 above to 60 below zero Fahrenheit. 
Twelve of these were patented wires with car- 
bon varying between OAL and 0.77'.. Tensile 
strength ranged from 190,000 to 250,000 psi. al 
room temperature, and diameter of wire from 
0.079 to 0.158 in. Three were low carbon steels 
with 85,000 to 91,500 psi. tensile strength, and 
the remaining eight wires were 0.56°> carbon 
steel tested at various stages of drawing. 

A 3-ton universal testing machine was used 
with a special attachment for the low tempera- 
ture tests, which utilized a mixture of alcohol 
and carbon dioxide snow as the cooling medium 
in an inner container, with a circulation of air 
between it and the outer jacket. The test piece 
and specimen holder were completely immersed 
in the bath. The cooling medium was kept in 
constant circulation by evolution of carbon 
dioxide, so that accurate temperature readings 
could be taken from the bath rather than from 
the test piece itself. 

All tests were made on bars 6.7 in. (170 
mm.) between specimen holders. In the torsion 
test, results were calculated to a length 100 times 
the diameter of the wire, in a formula whicli 
gave comparable results in the bend test on 
wires of different diameters. 

Tensile strength of all the wires tested 
increased uniformly as the temperature was 
lowered, averaging 3 to 4° higher at —20° C 
(4° F.) and about 6% higher at —50° C. (—60 
F.). No relationship was (Cont. to page 188 
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—that’s one for XALOY 


Send for Your Free Copy of 


“HARD FACTS” 


This Illustrated Monthly 
Publication brings you Interest- 
ing Information about XALOY 
—its Applications, Service 
Records, etc. We shall be glad 
to place your name on the 
mailing list. 


Typical comparative performance records of 
XALOY-lined deep drawing and stamping dies 
show consistent life increase of from eight to ten 
times. For example, on an application drawing 
hot rolled stock, an XALOY-lined die produced 
120,000 pieces against 12,500 pieces average with an 
ordinary tool steel die. The cost of XALOY surfac- 
ed dies is approximately two to three times that of 
hardened tool steel. 


When requirements of a specific run call for 
longer life than tool steel, but do not warrant the 
expense of cemented carbide, XALOY-surfaced 
dies are the answer. 


XALOY is adaptable to circular dies with a hole 
diameter range of from 1,4” to 10’. 


Your inquiries are invited, and will receive 
immediate and expert attention. 


WILCOX-RICH Division of Eaton Mfg. Co. DETROIT 
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WIRE AT SUB-ZERO 


flutomatic POLISHING MACHINE 


| ak Better Results—Lower Costs 


This polishing machine provides 
maximum usefulness to the metal- 
lurgist. Except for setting the speci- 
mens and changing the polishing 
dises, the work is entirely automatic. 
Specimens and there can be several 

are held to the dise with uniform 


(Cont. from page 182) found between carbon 
content and tensile strength, but tests of the 
same wire at different percentages of reduction 


showed a slightly lower increase in_ tensile 
strength with the larger number of passes. The 
effect of the lower temperatures on elongation 


feet automatically and given an even pol- and reduction of area was almost negligible. 
ish to the edge. user can pre- i 

tas pare the specimene euickiy and at the Bend and torsion properties, on the other 
same time attend to other matters. 

qt oa hand, were far less uniform and seemed to be 


affected to a greater extent by variations in com- 


+s position and properties of the wire. They were 

iI generally lower at the lower temperatures, and : 

many tests gave minimum values at —20° C, (-4 

i}. F.), a temperature frequently encountered in 

Europe. The wires with 0.03°¢ carbon showed 

i a slight increase in torsion strength at —950° C. ¢ 

a | (-60° F.), but with higher carbon the torsion 

strength was generally lower at —50° C. than at 

room temperature. 

: 44 E. LEITZ. INC. Effect of drawing was erratic. Torsion 

lt 730 Fifth Avenue, New York, N. Y. strength decreased considerably at —-20° and §& 

| Washington Chicago C. after the first three passes but remained 

Western Agents: Spindler and Sauppe, Inec., Los 

Tr Angeles, San_Francisco constant at all temperatures after the fourth 

eae pass. After the fifth pass the wires showed 

maximum torsion strength at -20° C. F.). 

\} Only about 20°. of the wires investigated showed 

any substantial lowering in bend and_ torsion 

4 properties, the detrimental effect being very 

ie slight for the others. 

\ From these results the authors conclude that 

1} if additional stress is induced in wire rope by 

} cooling to low temperature, with consequent 

4 contraction, it is compensated for to a certain ~ 
degree by the increased tensile strength at low 

1, temperatures. A wire stretched tightly between 

\ two points contracts about 0.07, when cooled 

1P from +20 to 50° C. with a consequent increas: 

i in load of about 21,300 psi. This added load, 

{t 7. however, induces in the wires invesiigated a 

F Ea proportionately somewhat smaller increase in 

tensile strength (about 6‘. ), so that the factor 

11 ) of safety is lowered in spite of the higher tensile 

i % strength. In a stressed slack rope, the relation 

i ship is still unfavorable and it must be taken 

into consideration in calculating stresses fo! 

almost all wires at low temperatures. 

Low temperature bend and torsion tests ar 

not considered necessary for all wire which js 

Ihe to be woven into rope, but are recommended for a 

i) applications which are likely to involve these 


types of stress. 
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REG. U. S. PAT. OFF. 


The Complete Salt for Cadmium Plating 


For brilliant, ductile deposits without bright dipping, use 
CADALYTE, the du Pont cadmium plating salt. Deposits of 100° 
cadmium obtained with CADALYTE give maximum rust protection 
with minimum of metal. v The bath is prepared simply by adding 
CADALYTE to water, and is easily maintained. It is stable, operates 
at room temperature, accommodates high current densities, and has 
high current efficiencies and throwing power. This gives rapid 


plating at lowest cost. y Cadmium anodes are available in all standard 


shapes and sizes. 


THERE ARE DU PONT CHEMICALS 
FOR EVERY TYPE OF ELECTROPLATING 


cadalyte 


E. 1. DU PONT DE NEMOURS & CO., INC. 
Electroplating Division - Wilmington, Del. 
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Chemicals and Processes 
for Electroplating ... . 
CADMIUM, COPPER, 
CHROMIUM, NICKEL, TIN, 
ZINC, BRASS, GOLD and 
SILVER. 
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SEVERAL “POOR RELATIONS” 
. BUT ONLY ONE 


AMPCO METAL 


. . « DISTINGUISHED BY THIS 
MARK 


HE luster of iron pyrites de- 

ceives us until the testing cruci- 
ble reveals its true identity as “*fools’ 
gold.”” 


Ampco Metal has several “poor re- 
lations’’ in non-ferrous alloys that 
look like Ampco, but fail dismally 
when tested for Ampco qualities of 
wear resistance — tensile strength — 
corrosion resistance. 


There is no patent or secret cover- 
ing the ingredients in Ampco Metal, 
but only Ampeco Metal, Ine., of Mil- 
waukee, understands the method of 
combining copper, aluminum and 
iron to produce the ““Ampco Phase” 
... the particular structural forma- 
tion which provides Ampco Metal 
with that unmatched wear resistance 
which has led to its adoption by hun- 
dreds of nationally prominent 
manufacturers, 


Genuine Ampco Metal distin- 
guished by the diamond trade mark 
reproduced here. It is available only 
from this Company and its four 
licensee foundries ...in six grades 
of varying hardness and physical 
properties. The book “Ampco 
Metal — Its Uses in Modern Indus- 
try’? will interest you. 


AMPCO METAL, INC. 
Dept. MP-2 Milwaukee, Wis. 


The Metal without an Equal” 


BEFORE YOU SPECIFY 


Ne 


INVESTIGATE AmPCSO 
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WELDING OF STAINLESS 


After the welding is completed, our practice has 
been to clean the welds thoroughly by sandblasting 
and then go over them with an acidified cyanide 
solution for evidence of iron. Any particle of iron 
or even a section of high iron content will produce 
the typical greenish blue discoloration of ferri- 
evanide. 

Chromium-iron alloys, containing 15 to 16% 
chromium, are among the finest materials in the 
stainless group, especially to resist oxidizing acids 
such as nitric. It was long considered non-weldable 
because of grain growth and resultant brittleness 
of the weld. We select a rod containing 142°> more 
chromium than the steel plate to take care of the 
average amount oxidized in welding. We have also 
found it advisable to preheat all the chromium 
irons slightly before welding. 

Subsequent heat treatment is designed to mini- 
mize the brittleness caused by grain growth in the 
welds. A spheroidizing treatment is most effective. 
live years ago we evolved a heat treatment basically 
the same as is used for the spheroidization of the 
high carbon and S.A.E. grades of steel and, as a 
result, we have been able consistently to produce 
welded structures of chromium iron having cor- 
rosion resistance equal to the virgin plate and at 
the same time are able to guarantee bend tests of 
with radius equal to the plate’ thickness. 
Impact values are sufficient for service require- 
ments and will run rather consistently around 10 to 
12 ft-lb. Charpy. 

The heat treatment is to heat slowly to a tem- 
perature of 1475 to 1575° F., maintaining at this 
temperature for 6 hr. The exact temperature is 
dependent upon the chromium content, as this gov- 
erns the point at which spheroidization occurs. 
Then cool very slowly to about 1100° F. and then 
either air or furnace cool at a normal rate. Many 
metallurgists recommend a rapid cool from the 
1100° temperature, but our records do not show that 
this affects the results on welded vessels. 

18-8. We have built many large storage tanks 
for acetic acid with walls of 18-8 so thin that they 
would collapse during the usual high temperature 
heating before quenching. It was therefore neces- 
sary to develop a method of welding that would 
eliminate, or at least minimize, carbide precipita- 
tion. In this process, on which we have made 
patent application, termed “water-cooled welding 
process,” a jet of cold water is played on the under 
side of the weld as it is made. This rapidly cools 
the deposited metal and the plate material immedi- 
ately adjacent. We have successfully applied it to 
a large number of vessels and have found it to be 
entirely satisfactory, particularly on thin sections. 
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R. & H. CYANIDES 
CYANEGG* 
Sodium Cyanide, Minimum 
strength 96% 
Cyanide Chloride Mixture 
5% Sodium Cyanide 
Cyanide Chloride Mixture 
45% Sodium Cyanide 
Du Pont Case Hardener 
0% Sodium Cyanide 


"Reg. U.S. Pat. Off. 
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DU PONT CYANIDES ASSURE STAMINA... 
CARBON FOR HARDNESS 


NITROGEN FOR 


WEAR RESISTANCE 


URING the past few years air- 
D plane engine weight has been 

slashed to as low as 1!4 pounds 
per horsepower. The parts have 
been made lighter and thinner, 
and yet they must still withstand 
the tremendous shock, impact, and 
wear. This requires a hard, uni- 
form case of maximum wear resis- 
tance, free of flaws. 


Production of such a case de- 
mands the control permitted only 
by the use of Cyanides. By 
regulating the time of immersion 
and the temperature, the desired 
depth of case is obtained easily and 
accurately. The core remains 
tough and ductile. Jn the same 


- The R. & H. Chemicals 


operation the nitrogen required 
for maximum wear is also intro 
duced. 

No finishing is required. The 
cyanide bath is non-corrosive and 
leaves no scale. No pits or other 
surface flaws occur to cause failure 
through fatigue. 

You may not manufacture air- 
plane engines, but engineering de 
mands for lighter equipment in 
many fields can be met only with 
greater stamina of the parts. Our 
Technical Service Staff will gladly 
cooperate with you in the selection 
and use of the proper Du Pont 
Cyanides to meet your particular 
requirements. 


Department 
= 1 DU PONT DE NEMOURS & COMPANY, IN 


Wilmington, Delaware 


Diseric Sales Ofces: 
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A osccuts t Sam Hoyt, in response to an appeal for a por- Sheehan gained his early experience on the Norfolk 
if es trait, wrote, “Its absence will not hurt the second and Western and the Erie. His interests erystalliz- 

i part of my article” (on Metal Ceramics, page 157), ing in the mechanical details of the business, he 
1" so we dug an old one out of the morgue. It still served for a time in the engineering departments 
| looks very much like him, except it should show a of General Electric Co., American Locomotive Co., } 
Drea briar pipe and a florid complexion. Dr. Hoyt taught New York Air Brake Co., and Keith Car and Mfg a 
| aS at Minnesota before joining General Electric. At Co. before going to Commonwealth. His article on 
} ae Nela Park he found time to write our favorite vage 151 reflects the active part he has taken in the 
ae 

p Hi Metallography even if only two of the three development of devices of cast steel for railroad 
: volumes have been printed and at Schenectady cars and locomotives. 

t Oe he did a lot of work on tungsten carbide. For five as ro es 

+ A": or six years he has been with A. O. Smith Corp. in 

i iF Milwaukee, latterly director of that firm’s metal- One of the first accomplishments in the profes 
if it lurgical research. sional life of Francis Edwin Bash, who tells in this 
i} if Ps as as issue how to estimate the life of electrical heating 
1 4 elements (page 143), was the development of the 
| ts Duncan P. Forbes’s article giving the very latest disappearing filament type optical pyrometer. This 
if af “dope” on cast iron is solidly based on many long work was done at Leeds & Northrup Co., where he 
4 ; vears of experience in foundry problems. A Yale went in 1916 as research engineer. (His bachelor 
{ i graduate in 1919, Mr. Forbes spent an additional of science from University of Washington and 
F j short period of study in the laboratory of Enrique chemical engineering from Wisconsin were obtained 
} ‘ Touceda of Albany, N. Y. His subsequent experi- in 1916 and 1919.) While at Leeds and Northrup, 
| t ence has been entirely in the employ of Gunite where he also had charge of production of electric 
14 ake Foundries Corp., Rockford, Ill. The thoroughness furnaces and later was made manager of production 
| i of his training can be judged from the list of his control, he worked on the development of electric 
i + successive positions — metallurgist, foundry fore- alloys for thermocouple and resistance applications, 
‘7! 3 man, works manager and president. including “constantan” and “manganin.” In 1923 
he joined the Electrical Alloy Co. in Morristown, 
|. : N. J., as manager of the technical department, and 
4f t This year William M. Sheehan celebrates the since 1928 has held the same position with the 
{Fe silver anniversary of his association with the Com- Driver-Harris Co., Harrison, N. J. His interest in 
fo as monwealth Steel Co., predecessor of General Steel life-testing of wires dates from 1924 and has borne 
i. iY Castings Corp. He is still there, now as manager fruit in the form of faithful service on numerous 
t iF of eastern district sales with headquarters at Eddy- technical committees of the American Society for 

i iE. stone, Pa. A railroad man from the beginning, Mr. Testing Materials and other organizations. 

} 

18 

i Bachrach Rowland Kaiden-Keyston 

“ * Samuel L. Hoyt Francis E. Bash William M. Sheehan Duncan P. Forbes 
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entricast“ Furnace Conveyor Rolls | 


(Centrifugally Cast) 


No mechanical joints are used in the manufacture Misco “B" centrifugally cast conveyor rolls turned and ground 
of Misco “Centricast” rolls. The end castings 
(trunnions) are flash welded to the centrifugally 
S- cast tube. This construction was originated by 
is ' Misco and more than 1200 of these rolls are now 
ys : in service at temperatures up to 2050° F. Misco ; 
e ; “Centricast’” furnace conveyor rolls are sound and 
is ’ of uniformly fine grain structure. They combine % 
- light weight with rugged strength, low cost with Ae 


long life. 
Resistered Trade Name OTHER 
aa, MISCO 


2 entricast Misco “B”" “Centricast™’ shafts for sheet normalizing furnace 
3 PRODUCTS 
3 boxes, Retorts, 
Pipe, Tubing, 
; Sleeves, Bushings, 
1 Liners, Rolls. 
YOUR INQUIRIES 
7 ARE INVITED 
« 4 ‘ 


MICHIGAN STEEL CASTING COMPANY A dependable source of supply for Furnace parts, 
Chain, Roller rails, Furnace conveyor rolls, 
; One of the World's Pioneer Producers of Heat and Corrosion Resistant Alloy Castings Trays, Carburizing and annealing boxes, Retorts. 
( 1980 GUOIN STREET, DETROIT, MICHIGAN Lead and cyanide pots, Dipping baskets. 
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CIRC-AIR 


Furnaces That Perform 


The illustration shows a continuous Circ-Air unit with heating 

chamber 38 ft. long, 6 ft. wide, 20 in. high. Loading capacity, 

39.000 Ibs. Adaptable for continuous or batch operation. Cycle 
60 min. to 24 hrs. Temp. range 275 to 1,000 deg. F. 


Many companies will profit dur- 
ing 1938 because they have installed Circ- 
Air units. 

They will profit because Circ-Air units 
have unique operating advantages. Due 
to patented method of passing hot gasses 
through the work, heating time and tem- 
perature are controlled, regardless of any 
variaton in loading of work on conveyors, 
up to maximum capacity. (Patent No. 
1,860,887.) 

Circ-Air units hold at temperature within 
closer time and temperature limits than 
any heat treating process of metals re- 
quires. 

Circ-Air produces remarkably uniform 
results at consistently low cost. 

Send for bulletins 6 and 7 containing 
further details. 


INDUSTRIAL HEATING 
EQUIPMENT CO. 


3570 Fremont Place Detroit, Mich. 


FRICTION AND LUBRICATION 


(Continued from page 162) 
tions and their capacities have to be determined 
according to their precision and surface finish with 
due regard to the effects of elastic bending, tilting, 
and imperfect alignment on the distribution of load 
and the geometry of the film. 

Shaft bearings for internal combustion engines 
and big-end bearings of connecting rods can rely 
very little on thermodynamic theory and _ their 
design is based largely on experience. The empir- 
ical character of these methods is ascribed partly to 
lack of rigidity of the rubbing parts, and uncer- 
tainty of the relationship between heat dissipation 
and temperature rise, but more particularly to the 
cyclic fluctuations of the bearing load —— which sur- 
prisingly prove beneficial to bearing capacity 
Inertia forces predominate over combustion forces 
There is little trouble encountered today which can 
be attributed to poor lubrication. 

The most acute problem regards the choice of 
suitable materials. White metal is apt to crack 
under heavy loads. Lead bronze is expensive, needs 
a hard shaft, and clearances must be large (which 
increases the difficulty of oil control), and finally is 
corroded by some oils. Synthetic resin has been 
suggested as a bearing material, but there is no 
record of its being used in internal combustion 
engines, except experimentally. It appears to be 
very kind to the shaft on which it runs, but there 
is some doubt as to whether it can stand the high 
temperatures. 

The important feature in big-end rod bearings 
lies in the cooling. The use of emulsions of water 
and oil is suggested instead of plain oil, since the 
cooling would be better and the viscosity could be 
controlled better, as many emulsions actually 
increase in viscosity as the temperature rises. Steam 
locks would interfere with proper distribution and 
circulation above 212° F. 

In the research on filters, some authorities 
claim that oil can be used indefinitely with prope: 
filtering, although some acid may be formed which 
adds to the oiliness or which can be removed by 
washing in a centrifuge with water. Small iron 
particles can be removed magnetically. 

It is generally agreed that cylinder wear is 
caused chielly by two factors: (1) Abrasion; (2 
corrosion. There is much controversy as to which 
is the more important. Data were presented to 
show that wear is caused chiefly at the start and 
therefore by corrosion. Others consider it to b 
abrasion and therefore may be reduced by a mor 

copious supply of oil and improved piston rings 
Anti-oxidation oils seem to limit the cylinder wea 
perhaps by preventing corrosion 
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For High Temperature Furnaces... 


Alundum Muffles 


N this furnace at P. R. Mallory & Co., Inc., of Indianapolis, 
tungsten and molybdenum are heated at extremely high tem- 
peratures (1500 C.—2732 FF.) before forging or rolling. The 
Alundum Muffle easily withstands operation at this temperature, 
giving dependable and economical service. In fact, special 
Alundum Muffles for operation at temperatures above 1600 C. 


are available. 


If you are using high temperatures in laboratory or shop furnaces 
it will pay you to use Alundum Muffles with their electrical in- 


sulation value and refractoriness. 


NORTON COMPANY, WORCESTER. MASS. 
New York Chicago Cleveland 


NORTON 


REFRACTORIES | 
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A S | \{ some carbon and dust carried over. 4 


recovery of 80 to 90°. of the magnesium content 


= of the ore in the form of powder is attainable 
Redistillation is done in a closed furnace 


(Cont. from page 147) a condensate in powder light against a vacuum of 20 mm. mercury 


form (frost). Some 40 to 50 volumes of hydro- Heating to 1700° C. is by internally placed 
gen are injected per volume of magnesium electrical resistors. The briquetted powder js 


vapor. The hydrogen should be rather pure, 
particularly low in carbon monoxide, and free 
from water vapor and carbon dioxide. Uncon- 
densed vapors are cleaned by dust filters, 
purified of carbon oxides, and the hydrogen 
is thus regenerated almost completely. They drop into an oil-filled hopper, from which 

Magnesium powder is removed continu- they are elevated to a barometric leg, and from 
ously by screw conveyor. It is quite explosive the open bottom to 
in air, but is easily preserved by coating the 


introduced through hydrogen-locked hoppers 
Distillation takes place under the high vacuum, 
the vapors passing to a condenser. Here the 
vapor coalesces into globules, varying size 
from fine shot up to spheres 4% in. diameter 


containers. The oil is 
screened out and returned to the hopper. The 
non-volatile residue is mechanically removed 
from the redistillation furnace through traps 
and discarded or returned to the raw materia! 


particles with oil. This is a regular procedure 
before briquetting the powder and sending it 
to a redistillation furnace. 


ince cates The powder carries 60 to 70 of its weight stock. The operation of this furnace is prac- 
We Bs: in metallic magnesium, and 15 to 22°, mag- tically continuous; recovery is about 98% of 
th nesium oxide. The remainder includes impuri- the metallic content of the briquettes. 

i Sem tne ties from the magnesite and the reducing agent The metal produced by this distillation 
: 1 Late rat which had been volatilized at the high tem- process is of remarkable purity, for remelting by 
he tbe perature of the reduction furnace, besides electric heat introduces no new impurity. 

if : 

11 

Gray Iron Castings 

For Steel Castings 

Special Steel Castings 
\3 ly A material which is odorless, easy to apply. 

1a creating an exothermic action which holds metal 4 
Fi liquid for a longer period of time. | 
|: Reduces piping, increases yield. 

1t Guaranteed against metal contamination and 

carbon pick-up. 

4 

“SPEEDY” MOISTURE TESTER: | 
FP The only instrument which will permit actual 

t : control of sand moisture on system or at muller. | 
baie Determinations can be made in thirty-five sec- | 
id + 

q Lore onds by unskilled hands at a very low cost. 


References from constant users of all our 
products gladly submitted. Write for literature. 


THE ALPHA-LUX COMPANY, INC. 


192 Front St.. New York City _ PLANTS: Philadelphia, Pa.—Cicero, Ill. 
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